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SCOPE OF EXPERIMENTAL PSYCHOLOGl' 


' Ps)’chology as Method. The field of ciperi- 
• • psychology is not defined in tenns of subject matter alone. 
} disciplines are conceryd with what people do and why the)' 
' it. It is the particu^at-yiy in whidi experimental ps)’cholog)’ pro- 
■cds to studj^>®h!iV'^y^at characterizes it. Experimental psychol* 
fsto appl)?'he rules of scientific method to its subject 
. to discover the jawful relationships that govern bchauor. 
■Vhether the behavior He as simple ns pressing a telegraph key or 
■ « complex as painting a pictutycxpcrimenlal p$)'chologists search 
• the determinants of these ^tions in the behaving organism and 
its environment. I / jj’J; 

Variables. Whatcveribeyavior wfi*«ud)% we usually ask what 
its antecedents are, i.o., uHw what conditions it occurs. We aim to 
understand the dclcnnin;ttts of bcliax-ior by discovering the refeffons 
among clearly defined I'ariablcs. In its broadest sense, a variable Is 
a characteristic or attribute tliat can take on a number of \alues. 
Thus, the number ot items that an indmdual soKes on a partmilar 
test is a variahle^^ic speed with which we respond to a signal, 
readiness with which we arc influenced by propaga«fa7Tlic size of 
our pupil inxJifTcrcnt degrees of illuminaJ-jQnj these and many others 
are examples of variables which cxpeCT'jjiUal psycholog)’ studies. 

The p^crimenter distinguishes betyatm twp basic t)pes of vari- 
ables: iiulcpcndcnt and dependent phenomena which we wish 
to explain and predict arc the d^'<Wmt variates. These variables 
are calletl dependent becauscJtnc)’ dejicnd upon* the occurrence of 
particular antecedent cond^Kons. In e.xpenmcntal inquii)’ we ma- 
nipulate the anteccden^^idilions in onlcr to discofer the wav's in 
which thc\’ determior ;he dcjicndcnt variables. Tlie anteetdent 
condifinnv that th^fxpcrimcntcr manipulates freely ai^ called thr 
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^ -.fjendent variables. In the examples given above, 

1 - - ^ved by a subject is the dependenf^lSialil - .. 

/ and the conditic*s of its administration may be the inde- 
mt variables. Similarly, we may choose intensity of illumina- 
. as our independent variable, manipulating it freely, and meas- 
•'Vthe pupillary area of the eye as the dependent variable. In all 
;uch experiments our ultimate aim is to discover a principle or law 
relating the dependent to the independent variables over a wide 
range of values. 

Stimuli and Responses as Variables. The variables of experi- 
mental psycholog)' are stimuli and responses: events in the environ- 
ment and the organism’s responses to '{hero. ^ 

Any stimulus is a selected aspect of theTolal^environmental situa- 
tion, and any response is a selected characfcij^^u»QfAe total com- 
plex of behavior occurring at any momeiw' Havings&l<;cte d .su ch 
aspects of the environment and of behavior for study, we are?Rbn 
faced with the problem that stmuli and responses are not fixed 
things or events which can be ^produced identically from one 
moment to another. Let us illustrated with the aid of a common ex- 
perifnental situation. \ 

Suppose we require a subject to Imrr a series of words. These 
words are printed on cards and are repMr tedly ex'posed to the sub- 
ject. Upon successive presentations of tnh same word, the position 
of the card with respect to the subject’s eyes may vary from trial to 
trial. Yet, we do not distinguish among the different presentations 
of the same card but simply count the number of times the stimulus 
card was presented. Clearly, then, what is treate^v^ the stimulus in 
this expeflh resits actually a selected class of having certain 

properties in common, bv this case, the common property is the 
ability of the subject to^^d the word when the card iapresented 
to him. In short, the condepCmf the stimulus is a generic om^. 

MTiat we have just said respect to the generic nature of 
sHmuli apph'es with equal iorce\<s^the concept of response. In study- 
ing the process of learning telegra'j3hic code, for example, the sub- 
ject s response is the tapping out of a^ord or phrase. We consider 
all responses as equivalent that have a S^in effect: tapping out a 

^^^^h^/esponses may, and 
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.involve slightly different actions of the fingcn each time it L 

%vc^ uBt:thc responses, we really count the ocfur^ace 
tfi^vi-rrinni/pe of response. Before we «in count rcsponsci''»t>NV. 
jver, we must first decide o\*er what range the responses ma) 
ind still be included under a given t)'pe. As lorig as the letten ta 
lul arc ^/l•e, we accept them as the response the. Of course, iK 
.vere interested in the action of p.irticular muscle groups and m,*" 
he number of words sent per minute, we would define response in* 
I very different way. Besponses, like stimuli, arc selected classes of 
events that ha\ e certain critical properties in common. 

Experimental Control of Variables. Suppose we wish to 
itudy the relation between a/dependent variable, y, and an inde* 
pendent variable, x- the number of trials required to learn a list of 
ivords as determine^ihv the length of the list. Clearly, y, the number 
jf trials. depetTfisnot only on the length of the list, i, but on a num* 
ber.ef'CTIler factors, 2, u, tv, such as the difficulty of the words, the 
speed of their presentation to the subject, and the time infer^-al 
between successive trials. What we arc interested in. bowestr, is 
ihe specific relation behveen tj and x, the number of trials to learn 
and the length of the lisl.\lf let 2, u, and tc var>' in an unton- 
trolled way, we cannot attnbmc changes in y to changes in x. We 
can tease out the relation lyslAcen y and x beri by holding 2, u, and 
w at constant values while vaiyang i. In our example, we would 
prepare lists of different length (s'anablc r) but of equal difficulty 
(variable 2), and present these lists at tlic same rate (variable o), 
and with a constant time interval beriveen successive trials (%'ariable 
to). Tims, we would determine >-ariations in y os a function of ^ 
variations in x with r, u, and ic held constant. 

The specific relation that we obtain behvoen y and * depeqds 
upon the partiailar constant values Uiat y; assigned to r, ti, and tc. 
We can repeat the experiment using diiWcnt xtiIucs for 2. u, and tt', 
and obtain a new functional rebtion }/elwcen y and i. Tlie XTiria* 
blcs 2, «, and u% which are constant tluring a particubr experiment 
but whicli may be varied from cxjfcnmcnl to experiment, ore called 
parameters. 

But the reader may objeci^at we do not Jmosv all of the x-ariables 
whicli might influence dependent triable, y. Will holding 2, u, 
and 10 constant be snt^aent if the unknown determinants, tn, n, p. 
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.. are allowed to vary in an uncontrolled manner during^e expei;j 
jt? ^^^lat ii eye movements and changes in rc 
'J^icontrolled? Perhaps these are important determine of 
' must hope that such uncontrolled factors vary “at random,” 
they do not exert a- systematic effect on the results of the ex- 
, /eriment. Variations in eye movements occur during the learning 
'iif each list We trust that the magnitude of illumination changes 
■ will not be greater for one length of list than for another. In short, 
we assume that the effects of the uncontrolled variables, m, n, and 
p, will, on the average, be the same for all the conditions of the 
experiment. Then, the relation between y and x will not be sys- 
tematically affected by m. n, p, etc. 

The use of several sulijects for each value of the independent 
variable, x, serves to minimize the effects of individual differences. 
If we used a single subject for each length of list, we.^ould not 
know whether to ascribe changes in the dependent variable, y, to 
changes in tlie independent variable, x, or to individual differences 
among the subjects. By using several different subjects under each 
condition, we hope to average out the effects of such individual 
differences. Another way to do so is,\of course, to have each subject 
learn each lengtli of list. \ 

Experimental and Control Grot^- In studying the relation 
behveen y and x, it is often necessary first to make sure whether or 
not y depends upon x at all. If, for example, we are interested in 
establishing whether or not vitamin A has an effect on night vision, 
we may conveniently answer this question by using an experimental 
^ control group. The same tests of vision are given to 
both groups?>4J.'e select the groups so that they will be as much 
alike as is practically possible, for example, in age, health, diet, 
general visual functions, ^d night vision in particular. The essen- 
tial difference between tne two groups is that the experimental 
group receives a certain dose of vitamin A, whereas the control 
group does not. We compare the performance of the experimental 
group under conditions of night vision with that of the control group 
before, during, and after administratrsm of vitamin A. If the experi- 
mental group shows significantly supSimr performance over the 
control group, we ascribe this difference t^e effects of vitamin A. 
^^e had to use a control group because w^jJid not know what 
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cJMngC;^n /j/gJif xision might occur independently of Wfitm/n A. STif. 

practice. Increased molivallon as the capcn'x^cc 
t^iWgrCSScs, etc, Tlie control group pnJvIdes us with an cmprVw* 

■ base line against which we can cs-alurfle the effects of the cri'. 
s-ariable. If the effectiveness of the s-ariable Is established, we tn 
wish to quantify the relation between llie amount of x (dose of s iU. 
min A) and the changes in y (\*ariations in night sision). P ' 

Statistical Significance of Experimental Results. Even In a* 
well-designed CTpcriment the uncontrolled factors wall not be com- 
pletely averaged out. Such ttnconitolled factors may be respomible 
for observed changes In the dependent variable, y. Tlie cxpcrimt'nter 
must decide whether the changes he has observed in y arc due to 
his independent variable, x, or to uncontrolled variables, m, n, p, 
etc. It is at this point tliat statistical techniques play an important 
role. ,By ^ch techniques vve may estimate how prob.ible it is that 
the observed ch.angcs in y arc due merely to the random action of 
uncontrolled variables. If lliat probability is ver)’ low, sxy, one In a 
hundred, wc conclude tliat it ts the independent variable, x; which 
Is responsible for the change in y. We never prove with coreplele 
certainty that one variable influences another. Wc can be only 
more or less certain tliat the ^btion between y and x is not due to 
chance. Tlifs degree of ccrlaiAly Is sometimes so high dial wc speak 
of positive proof. 

Description and Explanation. Expcriniental inquiry neces- 
sarily begins with a description of Uic phenomena under investiga- 
tion. In our dally lives wc continually describe our own actions and 
those of others, and vve have developed a rich variety of terms for , 
doing so. In our urge to understand ourselves and oibers, wc often 
fail to distinguish between description and explanation. We expbin 
away many phenomena of perception by dcsaibing the attributes 
of our experiences ond then endowing* the physical objects vvllh 
these attributes. A sheet of while paper in shadow looks white, 
and coal in sunlight looks black because "this paper Is vvlUte and coal 
is black." Clearly, such a description of our experiences does not 
explain perception. 

As ps>’clvoIogists wc need to male Uie distinction belw cen descrip- 
tion and explanation wj{l»' utmost care. EIxpbnation comes with the 
cstabllslunent of bwful functional rebtionships between dependent 



EXPERIMENTAL PSYCHOLOGY 


and independent variables. In our example, the descriptio^f pa^ 

as white and coal as blade would be the dependent 

mined by a host of stirndfes conditions and properties oi tm 


organism. 

/ Forms of EehavioY Studied in Experimental Psychologj-. 
'Tlie forms of beharior that can be ob5er\ed are inSnilely varied 
From this -.ariet)- v,-e must select some forms rather than others for 
experiraenLal iri\-estigatiOD. There are no cut-and-dried rules for 
such selection. Some pss-choiogists study the specific movements of 
organisms, and others put emphasis on acts and their outcomes, 
while again others concentrate upon the interaction of indidduals 
with their social environment. The study of all these forms of 
behavior has a iegitirnate place in experimental psj'cbology. 

l\'e ma%’ illustrate what is meant by different forms of behasior 
with the aid of the following examples. Let us begin with a xela- 
bh’d)' simple and circumsenbed response. I’iTien a puff of air is 
directed at the cornea of fine eye, the human subject responds by 
blinbng This iL-ipvris<; is tuzhly reliable since it v.il] occur almost 
invariably a \ery short time after the puS strilres the eye. This 
response is common to v irtually all people and is part of the innate 
equipment of the organism Tlie depepdent variables wbich we may 
investigate in conriection with this response are the time interval 
betwetm tlie air puff and the biinh. the form of the response, and its 
amplitude. \\ e can readiK quantifv tliese variables. 

In studying the eyebhn);. ’■t.e mav be interested in the particular 
form of the rnovem'nt. hi many experimental situations, hosvever, 
v.'e are not especially eoncerr/ed with the specific nature of mos'e- 
ments. Rather we want to hnow whether or not a response occurs 
under given conditions, and how often it occurs os'er a certain 
period of time. Thus, referring to our example of learning code, v.'e 
.usually count the number of words that an operator can send per 
minute. The dependent variable in this type of investigation is a 
simple counting variable: number of words. We do not usually 
record the particular rnos ernents w'hich the operator uses, but study 
on!)' the effects of these movements. We do not mean to imply that 
specific mos'ements are unimportant. Clearly, a pressure on the 
telegraph hey that is too weal: or too \dolent detracts from the 
efficiency of the operator. Howes-er, as long as the operator impren'es 
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with practice, wc may not be conccrocd with Ute exact way In which 
he dcpr<*«es the kc)’. 

^irOblems in which experimental ps)’choIogIsts are inter- 
ested are broader than particular movements or their effects. The 
sodal \-alues held by an individual may entcr*^s a variable. It is wel' 
known, for example, that the effectiveness of propaganda and sug- 
gestion may vary willi their source. In experimental investigations 
of these phenomero, we can ^'stematically vTiiy the sources of propa- 
ganda and suggestion and measure the resulting changes in ac- 
ceptance and belief. Wc may find that it is the "prestige* of the 
propagandist which is an important determiner of the success of 
propaganda. The prestige which one individual holds for another 
does not necessarily depend upon a particular kind of act or a 
specific set of movements. A variety of acts and a variety of move- 
ments may create equal degrees of prestige. It is prestige. Inde- 
pendent of the particular acts and movements from which ft 
originated, which is often the relevant variable for the experimental 
social psy'chologist. 

Experience and Behavior. Among the data of experimental 
psychology arc not only movements and acts but also statements 
that subjects make in reference to tlicir cxpenencc. Arc we justi^ed 
in using sucli "subjective" data? If the condJtions under whiclj the 
subject reports on his experience are clearly and ngorously defined, 
such statements are legitimate data for psycliology. 

Much experimentation in the sensory' processes and perception 
must rely on the subject's reports obtained under fully specified 
physical conditions. ^Ve stimubte a subject’s eye with a particular 
wave length of light, and he pronounces the word "red." ^^'e change 
the wave length to a new value, and the subject now says "green." 
We repeat such trials over and over with different wave lengths 
and tlic subject uses the words that designate colors with great 
consistency. Furthermore, most subjects agree with each other in 
their use of color names In response to different w-ave lengths. The 
uniformity of the statements which the subjects make when their 
eyes arc stimulated by various wave lengths has led psychologists 
to infer that there is dimension of experience: hue. In a similar 
way, brilliance and saturation havT been established as dimensions 
of visual experience. In all sense modalities, experience has many 
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inodes of variation, and these dimensions are known from the con- 
sistency of the verbal reports given in response to stimulation. For 
thc^osychologist, statements about experience are useful only if the 
ti^stjtions under which these statements are made can be accu- 
5?£ly described. 

The study of experience includes more than the investigation of 
sensor)^ attributes. Sensor)' experience is organized: we see things 
rather than their attributes, books and tables ratlier tlian redness 
and squareness. To find the principles of perceptual organization is 
one of the major endeavors of present-day experimental psychology, 
which cannot be easily carried out witliout benefit of the subject’s 
reports on his world. 

Of course, verbal report provides us with information other than 
the attributes or organization of experience. The responses made in 
a free-association experiment or a subject’s reports in problem- 
solving situations are examples of other types of verbal behavior. 

No matter what form of behavior we investigate, our main prob- 
lem is to define the independent and dependent variables, to investi- 
gate the functional relations behveen them, and wherever possible 
to e.\press our results in quantitative terms. 
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ONE of the oldest problems In psj'cbology is the relation bchveen 
variations in physical stimulation and reported experience. Ilislori- 
cally, this field of imcstigation has often been tied to such philo- 
sophical issues as the mind-body problem and the nature and 
meaning of “subjective experience.' Today psj-chologists are con- 
tent to leave the solution of philosophical problems to the philos- 
opher, but there still remains a large area of research of great 
theoretical as well as practical Importance: Wiat arc the lawful 
relationships beUveen the measurable characteristics of the stimulus, 
on the one hand, and the reportable attributes of sensor)’ experience, 
on the other? It is to this question (Itat the division of experimental 
psj’cholog)’ known as psijchophtjHes addresses itself ^s)’chophj’s{cs 
is Indeed the earliest branch of experimental ps)’cholog)’. Tlie theo- 
retical x'aluc of ps)'choph)sics lies in the fact that it provides one 
important experimental approach to the study of the sensory proc- 
esses and of judgmenOAs for its practical v-alue, the knowledge 
gained by the methods of ps)'chophysics has received Increasingly 
wide application in such fields as personnel selection and equipment 
design. 

In subsequent chapters we shall present the methods and resulls 
of psychophysics as they apply to the special senscs-vision. hearing, 
the chemical senses, and the cutaneous senses. In the sections that 
follow wc shall he concerned with tlic procedures and quantitative 
methods of psychophv-slcs in so far as they arc general methods 
applicable to a variety of spcdfic problems. 

Tire B.\sic PnonLEMs of Psvaionn'sics 

In studying the rebtion between the cliaracteristics of the sfimo* 
lus and the attributes of experience, certain specific experimrotal 
questions are asked. 
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Detection of minimal stimuli. What is tlie minimum of stimulation 
required for the detection of a stimulus? What kind of stimulus is 
needed? How intense must it be in order that a subject may reliably 
iirstinguish bebveen its presence and absence? Obviously, the mini- 
njim amount of sdmulation required will vary with the conditions 
of testing. To be barely detectable, a tone has to beTess intense in 
a sound-treated room than in a noisy one, and, similarly, a weaker 
light is needed in a dark room than in a well-lit one. But for each 
condition of testing and for each subj'ect, such a minimum value of 
a given stimulus can be estimated. 

Detection of minimal stimulus differences. What is the mim'mal 
difference, qualitative or quantitative, needed behveen two stimuli 
so that they can be reliably recognized as different by a subject? 
For example, how different do two light stimuli have to be in wave 
length for a detectable difference in hue? How great a difference in 
intensity of light is required for a discrimination of brilliance? 
Again, the minimum value of the difference will vary from one test- 
ing situation to another and from one subject to another. 

Judgment of relations among stimuli. The experimental problems 
of psj'chophysics are not limited to the study of stimuli and stimulus 
differences that are barely detectable. The judgment of stimuli well 
above tlie minimum needed for discrimination defines another im- 
portant area of investigation. Under what conditions, for example, 
are tivo stimuli judged to be equal or as standing in a certain rela- 
tion to one another? IVhat is the extent of error when subjects 
attempt to equate two stimuli with respect to quality or quantity? 
How reliably can subjects respond to a stimulus as being half as 
intense or twice as intense as another stimulus? These are just a few 
illustrations of the problems which arise in connection with judg- 
ment of relations among stimuli. 

The Basic Concepts of Psychophysics 

Sensitivity. The organism is equipped with a number of recep- 
tor organs specialized to respond to particular energy changes in the 
environment. Tlie receptors of the eye are responsive to light within 
a certain range of wave lengths, the receptors of the ear to sound 
wa\'es within a certain range of frequencies, and so on. The action 
of these receptor organs constitutes an important link in the chain 


THE PSYCHOPHYSICAL METHODS 11 

of responses which occurs between &e application of the stimulus 
and the subject’s response. The capacity of the receptor organs and 
other reaction systems in the organism to respond selectively and 
differentially to physical stimulation we designate as sensilicity. 
The laws governing sensitivity are inferred, svith the aid of psycho- 
physical procedures, from the variations in response resulting from 
variations in stimulation. Our experimental measurements allmv us 
to distinguish tivo types of sensitivity: absolute and differential. 

Absolute sensxtioity defines the limits of the organism’s capacity 
to respond to stimulation- It is inversely related to the minimum 
stimulus which can be detected reliably by a subject. Differential 
sensitivity defines the organism’s capacity to respond to differences, 
both qualitative and quantitative, between stimuli. It is inversely 
related to the minimum difference between stimuli needed for 
lehable discrimination. 

TTiresholds. Some stimuli are so weak that they always fail to 
evoke an effective response in the organism, others are so intense 
that they never fail to produce a reaction. The line separating these 
two kinds of stimuh-those never yielding responses and those 
always yielding responses— can never be sh^ly drawn, rather, the 
transition from one to the other is gradual and continuous. 

Suppose we wish to measure a subject’s absolute sensitivity to 
sound. We begin with a very weak sound which the suhj’ect faik to 
hear on repeated trials. We then increase the intensity of the sound. 
At this second level of stimulation the subject may sometimes hear 
the sound and sometimes fail to hear it. When we increase the 
intensity even further, the subject may hear the sound more fre- 
quently than before but still miss it part of the time. Finally, we 
may increase the intensity of stimulation to a level at which the 
subject never fails to report the presence of the sound. Clearly, then, 
there is no one stimulus value which represents the minimum neces- 
sary for a response. For purposes of measurement, it is generally 
agreed to consider as the'ohso/irfc threshold that stimulus value 
which yields a response 50 percent of the time, i.e., on half the test 
trials. It is essential to understand that the absolute threshold is not 
a fixed point on the stimulus scale but rather is inherently variable 
in time. A single value representing the absolute threshold mu-st 
necessarily be a statistical concept. 
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' -Aerations apply to estimates of a subject’s differenUal 

Similar co^M \),reshoU is defined as that stimulus 

.erdtivity. Pn® to a judgment of different 50 perceiU 

jiiiorence example, if we present a subject witli hvo tones 

oUi^ time. intensity, he will fail to report a differ- 

of the time. As we increase the intensity difference be- 
/'^“’eeiTdie two sounds so as to obtain a judgment of different on 
f^lf the trials, tliis difference defines the differential threshold. 

Tl^ere are many variations in the experimental and statistical pro- 
[cedures for the detennination of the absolute and differential thresh- 
olds, but they all have the same general purpose: to make as good 
/as possible an estimate of that stimulus value which \vill yield a 
given judgment-presence vs. absence, same vs. different— on half 
die trials of a series. 

Point of Subjective Equality. ^ One fundamental category of 
relational judgment is sameness vs. difference. Sometimes stimuli 
: whose physical characteristics are identical may give rise to 'a -judg- 
ment of different, and stimuli which differ physically may be judged 
same. Thus, tliere is no necessary correspondence between physical 
equality of stimuli and judgments of sameness, nor is there a neces- 
sary correspondence between physical differences and judgments of 
different. 


For this reason, experiments on discrimination often include an 
estimate of the point of subjective equality. Suppose we present a 
subject witli pairs of stimuli, one member of the pair being fixed 
and die other member vaiy'ing from trial to trial, sometimes being 
equal to the first stimulus, sometimes larger, sometimes smaller. 
The subject is required to make a judgment of same or different in 
response to each pair. In such an experiment the point of subjective 
equality is defined bj’ that comparison stimulus which is most likely 
to result in a judgment of same. Under many experimental condi- 
tions the stimuli most likely to be judged same are physically equal 
ones. Sometimes, however, two stimuli which differ by a certain 
amount are more likely to be judged same than physically equal 
ones. 


— ErroK . It is characteristic of psycho- 
physical judgments that tl% are variable in time. When a subject 
responds repeatedly to the same stimulus or stimulus configuration, 
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his judgments may not be the same every time the stimulus is pre- 
sented. Such variabili^ is especially characteristic of pdgments 
which are rather difficult for the subj'ect; for example, whe^h- is 
tested with stimuli close to his absolute or differential thre«^i'l, 
There are several probable sources of this Variability. The subjecl^ 
sensitivity may vary from moment to moment, and at any instant^ 
the condition of the organism may be more or less favorable to the 
performance of a fine discrimination. There may, moreover, be 
sh'gbt unavoidable changes in the physical characteristics of the 
stimulus, for no matter how carefully controlled the instrumentation, 
a certain margin of fluctuation cannot be eliminated. In addition, 
such factors as interest and attitude, difficult as it is to measure 
them, may exercise an important influence on the subjects per- 
formance at any moment m time. As a result of these and similar 
factors, we usually obtain, upon frequent presentations of a given 
stimulus, a distribution of judgments showing a certain amount of 
scatter around a most frequent or ^ical judgment. The degree to 
which judgments differ from trial to trial provides an Index of the 
amount of variable error. The use of the term error should not be 
taken to imply that one judgment is right, and the others wrong. 
Error here simply refers to the extent of Huctuation in judgments. 

When two physically equal stimuli, A and B, are presented to 
a subject, he does not always perceive them as equal (equally 
large or intense). He may report a difference even though the 
physical characteristics of the stimuli are the same. If such judg- 
ments are merely a manifestation of variable error, A should some- 
times be overestimated and sometimes underestimated. Frequently, 
however, we find a .systematic tendency on the part of the subject 
toward overestirnation or undereslinialion. Such a systematic tend- 
ency is known as constant err or. 

One frequently encountered constant error is the tirne-Crror, If 
two identical stimuli, A and B, are presented in succession, we find, 
for different time intervals between A and B, systematic tendencies 
to underestimate or overestimate the second stimulus, B. In the case 
of judgments of loudness, for example, if two equally intense tones 
are separated from each other by an interval of second, the second 
tone will usually be judged as less loud than the first. If the two 
tones are separated by a longer time interval, say, 6 seconds, the 
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second lone will usually be judged as louder than 4e first. This 
tendency to underestimate or overestimate the second of two suc- 
cessive stimuli constitutes the time error. The degree of time error 
can be plotted as a function of length of time inter\'al bettveen the 
VVo tones. The time error has been found to occur rvith a variety 
,of other stimulus materials, such as judgments of weights and of 

Another example of constant error is the space error. Judgments 
may be influenced systematically by the spatial posib'on of the 
stimuli, whether they are, for instance, on the right or left of the 
subject. 

Again, we must be careful not to be misled by the word error in 
the term constant error. Such systematic tendencies as we have 
described should not be dismissed merely as inaccuracies of judg- 
ment which need to be somehow eliminated or corrected. On the 
contrary, they are of interest to the psychophysicist because they 
represent a reliable correlation between certain conditions of stimu- 
lation and judgment. 

Experimental and QuANnTATiVE Methods 
IN Psychophysics 

It would be impossible to give here an exhaustive survey of 
psychophysical methods. There are as many psychophysical meth- 
ods as tliere are experimental and quantitative procedures for the 
establishment of lawful relationships behveen the physical char- 
acteristics of the stimulus and the attributes of experience. Never- 
theless, there are certain models of experimental procedure and 
quantification which have had wide application throughout the his- 
tory of psychophysics to a wide variety of problems and stimulus 
materials. Frequently these models have been designated as the 
psj'chophysical metlrods. In studying these models, we must guard 
against the misleading impression that there are a few rigidly 
specified methods for the conduct of psychophysical experiments. 
The methods to be discussed are models in the full sense of the 
word, illustrating the type of experimental and statisttcal methods 
whidr have been successfully applied to psychophysical problems, 
vthether or not one works in the framework of the traditional 
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psychophysical models, each specific experiment must be designed 
in terms of the questions which >viU be ashed of the data. 

Methods for Measuring the Absolute Threshold 

We shall first discuss experimental models for the measurement of 
the absolute threshold. It \viD be remembered that the absolute 
threshold is defined as that stimulus value which is detected by a 
subject on 50 percent of the trials. 

The Method of Minimal Changes 

A method well adapted for the determination of the absolute 
threshold is the method of minimai changes (kiio%vn also as the 
method of limits). As the name implies, this method utihzes a series 
of stimuli, successively differing by small amounts, in order to make 
an estimate of the absolute threshold. 

Basic Procedure. The basic procedure consists of the preseata* 
tion of a series of stimuli, each differing from the preceding one by 
a small amount, unbl a critical change in the subject’s judgment 
occurs. In the determination of the absolute threshold, it is custom* 
ary to employ two kinds of senes: (1) an ascending series, in which 
we start with a stimulus well below the threshold, increasing its 
magnitude on successive triab until the subject detects the presence 
of Ae stimulus; and (2) a descending series, in which we start with 
a stimulus well above the threshold, decreasing its magnitude on 
successive trials until the subject fails to detect the presence of the 
stimulus. 

For an illustration of this, let us return to the problem of measur- 
ing a subject’s absolute sensitivity to sound. For the ascending series, 
we begin with a tone so weak Aat the subject would fail to report 
its presence on virtually all the trials. On each successive trial we 
increase the intensify by a small physical amount until the sub- 
ject finally reports the presence of the sound. For the descending 
series, we begin with a tone so loud that the subject reports its 
presence whenever the tone is sounded. On each successive trial 
we decrease the intensity by a giwn physical amount until the 
subject reports that he can no longer hear a sound. 

For the determination of a reliable threshold, several series, both 
ascending and descending, should be used. In order to prevent the 
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' estimates of the absolute threshold. Some of these estimates would 
probably be identical, but in general we must expect a certain 
amount of variability. Our best single estimate of the absolute 
' threshold is the average of all the threshold values obtained in the 
individual series. In order to compare the./fsults obtained with 
ascending and descending series, we compute separate averages for 
these hvo types of procedure. If there is a significant difference 
between the averages obtained for ascending and descending scries, 
we conclude that there is a systematic difference behveen the sub- 
ject’s responses in the two situations. Similarly, we can compare the 
results obtained with long and short senes, or the judgments during 
tlie first half and the second half of the experiment, to gauge the 
effects of practice and fatigue. In short, the absolute threshold is a 
statistical average, a dependent variable which can be measured as 
a function of vanous experimental conditions. 

The Method of Constant Stimuli '• . 

Basic Procedure. The method derives its name from the fact 
that a number of fixed (constant) stimuli is presented to the subject 
a large number of times, usually in random order. Each time a 
stimulus is presented the subject makes a judgment. Thus, for each 
of the stimuli, tlie percentage of different kinds of judgments may 
be computed, and an estimate of the threshold is made on the basis 
of the distributions for all the stimuli 
Suppose we wish to determine the absolute sensitivity to pres- 
sure, i e., Uie minimum weight that has to be applied to the sensi- 
tive receptors of the skin in order to obtain a report of pressure. By 
means of a delicate instrument (see Chapter 3), graduated pressures 
can be applied to the skin. To measure the absolute threshold, we 
select, after preliminary exploratioa, a series of stimulus values 
which is likely to give us a distribution of judgments ranging from 
approximately 5 percent to approximately 95 percent reports of' 
presence of pressure. If we were determining the absolute sensi- 
tivity on the tip of the subj'ect’s finger, such a series might include 
pressures of 1, 2, 3, 4, and 5 grams per square millimeter of skin. 

Each of these pressures is applied to the skin a large number of 
times, say, 100. The different stimuli are presented in a random order 
so that the subject cannot build up an expectation of any particular 
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^Vhethe^ the simple assumption of linearity is made or another 
method of quantification is used, the absolute threshold is always 
an estimate of the value which gives an equal proportion of judg- 
ments of present or chsent. . . • 

Methods for Measurinc the DirFEnENTiAL Threshold 
We now turn to experimental models for the measurement of the 
differential threshold— the determination of that stimulus difference 
which is detected by a subject on 50 percent of the' presentations. 

The Method of Minimal Changes 
Basic Procedure. This method, which we described in some 
detail in connection with the determination of the absolute thresh- 
old, may be used for measuring the differential threshold as well. 
We first decide on a standard stimulus, say, a tone or light of fixed 
intensity. The standard and the comparison stimulus may be pre- 
sented In succession (e.g., in the case of a pair cf tones) or simul- 
taneously (e.g., in brightness discrimination where hvo fields may 
be exposed side by side). 

The magnitude of the comparison stimulus is changed by a 
small amount from tnal to trial. Again, ascending and descening 
series are used For an ascending senes, we set the comparison 
stimulus at a value considerably smaller than the standard and then 
keep increasing it by small regular steps until the subjects judg- 
ment of the comparison stimulus changes from smaller, to equal, 
and finally to larger than the standard For a descending series, we 
set the comparison stimulus at a value considerably larger than the 
standard and keep decreasing it by regular steps until the subjpct’s 
judgments change from larger, to equal, and finally to smaller. As 
before, the ascending and descending series and series of different 
lengths are alternated in an orderly fashion. 

Suppose our standard, e.g., a sound, has a value of 20 physical 

need to be present for a correct pidgment This is a very frequent state of 
affairs-hence the high percentage of correct chscnininations m the presence of 
a strong stimulus. , , r u 

For a fuller statement of this argument and for a detailed description of the 
quantifabve methods used in the estimation of thresholds, the reader Is referred 
to J. P. Cuilford, Ptychomefnc methods. New York: McGraw-Hill, 1930, 
Chap. 6. 
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units and we var>' the comparison stimulus in steps of rivo units-'*^ 
-It a time Tvpical records obtained mth an ascending and a descend- 
in2 series may look as shown in the table on this page. 

Since the iudgnu^S-are continued beyond the report of equahty, 
we can obtaiinroi^t'-acH'series rivo threshold values: (1) Ae upper 
threshold im'A CkUhkt stimulus which is just noticeably larger 
than the stahtor-arid (2) Ae lower threshold (L,), i.e., Aat 


Ascending Series 

Value of 
Com- 
parison 
Stimulus 
inPliysi- Judg- 
calUnils ment 


Descending Series 

t ^ ■ 

Value of 
Com- 
parison 
Stimulus 
inPhysi- Judg- 
cal Units ment 


8 Smaller 
10 Smaller 
12 • Smaller 
Smaller 
I'G ■ Smaller 


■■ 18 Equal 
'■20 Equal 
• 22 Larger 


32 Larger 
30 Larger 
28 Larger 
26 Larger 
24 Larger 
Change in judgment £2 Larger 

20 Larger 
Change in judgment" “i8~Equir 
16 Equal 
14 Smaller 


Change in judgment 
Change in judgment 


sUmulus which is just noticeably smaller Aan the standard. As in 
the case of the absolute threshold, we define these thresholds as 
lying midway behveen the last judgment of larger (or smaller) and 
tile first judgment of equal. In our ascending series, the upper thresh- 
old is found between 20 (last judgment of equal) and 22 (first 
judgment of larger), i.e., it is estimated to be 21. In the same series, 
the lower threshold lies between 16 (last judgment of smaller) and 
’-IS (first judgment of equal), and is estimated to be 17. Similarly, 
in the descending series, the upper threshold is located at 19, and 
the lower threshold at 15. 

We arc now ready for the determination of the differential thres- 
hold (DL) Rself, i.e., the stimulus difference which is likely to be 
detected on 50 percent of the trials. Three estimates of the differen- 

- L stands for limrn, the l„ntin word for threshold. 
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lial threshold are possible: (1) die upper differential' threshold 
(DLu)~~the difference behveen the upper threshold and the stand* 
ard, or L» — S; (2) the lower differentia tjififihold (DLi)-the dif- 
ference behveen the standard and the. low^ihVeshold or S — La 
and finally (5) the mean differential lepresents the 

average of the upper and lower differential th5;eShpJ«t. i e., (DL, -f- 
DLi)/2. This last value is, of course, the best 'possl^e general esti- 
mate that can be made of the subject's differential threshold. 

Finally, we can now estimate the point of subfective equality 
(PSE) as lying midway behveen the upper threshold and the lower 

threshold: PSE = Halfway behveen the just noticeably 

smaller stimulus and the just noticeably larger stimulus lies the 
value most likely to yield a judgment of equal. 

The Method of Constant Stimulus Differences 

Basic Procedure. An alternative procedure for the determina- 
tion of the differential threshold is provided by the method of 
constant stimulus differences. This procedure is especially well 
suited for experiments m which (1) it is not convenient to vary the 
comparison stimulus continuously m small steps, and (2) it is desir- 
able to base the threshold value on a large number of observations. 

As the name implies, this method is closely related to the method 
of constant stimuli which we have already studied. In the method 
of constant stimulus differences, however, the subject judges pairs 
of stimuli rather than one stimulus at a time. Each stimulus pair 
consists of the standard stimulus and one comparison stimulus. The 
standard stimulus i-. of course, the same on all trials. A number of 
different comparison stimuli are used. On each trial, the standard is 
paired with one of the comparison stimuU. Each time a pair is pre- 
sented, the subject judges the companson stimulus as larger or. 
smaller than the standard. (Sometimes equal judgments are per- 
mitted.) Each comparison stimulus is pair^ with the standard the 
same number of times (e.g., 100 limes each). The sequence of pairs 
is thoroughly scrambled. 

The comparison stimuli are chosen after preliminary exploration 
so as to yield a distnbution of judgments ranging from approxi- 
mately 95 percent larger to about 95 percent smaller Stimulus dif- 
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3y way of illustration of the three-categoiy procedure, suppose 
we are measuring a subject’s differentia! sensitivity to weight. The 
standard stimulus is a weight of 200 gram?, and the comparison 
stimuli are spaced in 4-gram steps around the standard. A typical 
distribution of judgments larger, smaller, and equal may look 
sommvhat as shown in the table below. ‘ • 

A graphic presentation of these results may be’found in Fig, 1. 
The three curves depicting the relative frequency of judgments of 
larger, equal, and smaller for different magnitudes of the compari- 
son stimulus are known as pstjchomciric functions. 


Comparison Stimulus 
in Crams 

X Judged 
Larger 

S Judged 
Equal 

{Judged 

Smaller 

188 

5 

5 

90 

192 

10 

20 

70 

196 

22 

35 

43 

200 

38 

40 

22 

204 

64 

26 

10 

208 

84 

10 

6 

212 

92 

5 

3 


From the frequency distributions of judgments, we can estimate 
the upper threshold, lower threshold, and the differential thresh- 
old. The upper threshold is that value which on 50 percent of the 
trials yields a Judgment of larger. Inspection of the table and Fig. 1 
shows this value to he between 200 and 204 grams, more exactly 
at 201.8 grams.® Similarly, we estimate the lower threshold— the 
value yielding 50 percent of judgments of smaller— at 195 grams. 
Hence, the upper differential threshold is estimated as 201.8 — 200 
= 1.8, and the lower differential threshold as 200 — 195 = 5, and 
the mean differentia! threshold as 3.4 On the average, a difference 
of 3.4 grams is required for a j'udgment of difference {larger or 
smaller). These results also tell us that in this experiment (as in 
many others) the subject’s differential sensitivity is, as it were, 
asymmetrical. The average increment required for a Judgment of 
larger is less than the average decrement required for a judgment 
of smaller. Finally, the point of subjective equality is most mean- 
ingtullv defined as that stimulus value which is equally likely to 
* By Imear interpolation between 200 and ^ 
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3y way of illustration of the three-category procedure, suppose 
we are measurii\g a subject’s differential sensitivity to weight. The 
standard stimulus is a weight of 200 grams, and the comparison 
stimuli are spaced in 4-gram steps around the standard. A t}plcal 
distribution of judgments larger, smaller, and equal may look 
somewhat as shown in the table below. ‘ • 

A graphic presentation of these results may be’found in Fig. 1. 
The three curves depicting the relabve frequency of judgments of 
larger, equal, and smaller for different magnitudes of the compari- 
son stimulus are known as psychometric functions. 


Comparison Sbmulus 
in Grams 

% Judged 
Larger 

S Judged 
E(]ual 

% Judged 
Smaller 

188 

5 

5 

90 

192 

10 

20 

70 

198 

22 

35 

43 

200 

38 

40 

22 

204 

64 

26 

10 h' 

208 

84 

10 

6 

212 

92 

5 

Q 


From the frequency distributions of judgments, we can estimate 
the upper threshold, the lower threshold, and the differential thresh- 
old. The upper threshold is that value which on 50 percent of the 
trials yields a judgment of larger. Inspection of the table and Fig. 1 
shows this value to lie bebveen 200 and 204 grams, more exartly 
at 201.8 grams.* Similarly, we estimate the lower threshold— the 
value yielding 50 percent of judgments of smaller~at 195 grams. 
Hence, the upper ^fferenlial threshold is estimated as 201.8 — 200 
= 1.8, and the lower differential threshold as 200 — 195 = 5, and 
the mean differential threshold as 34 On the average, a difference 
of 3.4 grams is required for a judgment of difference (larger or 
smaller). These results also tell us diat in this experiment (as in 
many others) the subject's differential sensibvity is, as it were, 
asymmetrical. The average increment required for a judgment of 
larger is less than the average decrement required for a judgment 
of smaller. Finally, the point of subjective equality is most mean- 
ingfully defined as that stimulus value which is equally likely to 
8 By linear interpolation between 200 and 204. 
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cive iud.cments of larger and mailer. The hvo psychometric .func- 
tions cross at 19S.5 grams,; which is our estimate of the point of 

subjective equality. ‘ , 

Wlien the subject- uses only Uvo judgment categories-torgcr and 
smallcr-lhe treatment of the, results is necessarily different. In this 
case the two psychometric functions cross at the 50-percent point 
(for an e.^camplc. see p. 5S). For the hvo-category procedure, 



therefore, we redefine the differential thresliold as that stimulus 
difference whicli yields judgments of different (larger or smaller) 
75 percent of the time. The point of subjcctis’c equality is again 
defined as that point at which the ps)chomotric functions cross, 
which in this case is the value yielding 50 percent larger judgments 
and oO percent siiiallcr judgments. 

The steepness of the two psychometric functions (their rate of 
change) depends on the subject’s sensitiritr’. If the subject is very 
sensitive to each change in the stimulus, the functions will rise (or 
fall) rapidly; i.c., each change in the comparison stimulus wall 
result in a considerable change in the relative frequency^ of the two 
judgments. Coinersely, if the suliject’s sensitivity is poor, any one 
change in the comparison stimiiliis will not alter the distribution 
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of judgments radically, and the psyclioraetric functions rise and fall 
gradually. 

We must emphasize again, as we did in connection \vilh the 
method of constant stimuli for the determination of. the absolute 
threshold, that the numerical treatment of the data presented here 
fs only one of several possible procedures and, indeed, one of the 
least precise ones. It is often desirable to fit ideal curves, such as the 
cumulative normal curve, to the data before computing the threshold 
values. The procedure used here does, however, illustrate the basic 
aims and assumptions of the method. 

The Method of Average Error 

In the determination of absolute and dififerential thresholds by 
the methods already discussed, control over changes in the stimulus 
was entirely in the hands of the experimenter. There are cer^' 
problems, however, which may best be attacked by pennittin^T^e 
subject to control the variations in the stimulus. In such cas$^*the 
me^od of average error is used. 

Easic Procedure. The most outstanding characteristic of this 
method is the active role which the subject plays in the procedure. 
Presented with a fixed standard and a vanable comparison stimulus, 
the subject has the task of adjusting the vanable stimulus until if 
appears equal to the standard. Thus, there may be a line of fixed 
length and one of ad|ustable length which the subject manipulates 
until he is satisfied that the two hues are equal. The subject may 
adjust a shade of gray until it appears to match a standard sample 
or change the intensity of a tone until it sounds as loud as a standard 
These are just a few examples of n large vsriely of experimental 
situations in which the method of average error has been employed. 

Each adjustment which the subject makes represents a measure* 
ment of the point of subjective equality. If a standard line is 200 mm 
long and a subject adjusts the variable comparison line once at 19S 
and once at 202, each of these adjustments provides us with an 
estimate of the PSE. A reliable estimate of the PSE must be based 
on a number of such measurements, i.e., the estimate of the PSE 
should be the average of many adjustments made by the subject. Fre- 
quently, though by no means alwa^% the average adjustment may 
be almost equal to the standard. Some of the indiWdual adjustments 
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ro.iy be Chester tlisn the stsnds^rd. Soine hiiin l>t smtiller, hoN\ e% sx, 
and these positive and negative delations maj cancel each oilier 
out; hence, tlie n.ame of the method— flccrogc error. 

In collcch’ng data by tlie method of average eiror, several impor- 
tant precautions must be observed. 

1. The direcfa'on of adjustment should be v.aried. On some trials the 
%-aTiable stimulus .should be set at a \alue considerably larger th-in 
the .sland.ard; on other trials it should be made considerably 
.smaller. In this fashion, the subject has to begin his adjustment 
tourard equalit)’ on succes.sive tri.als from both above and below 
the standard. The subject ripic.ally overshoots his m.ark and may 
be allowed to attain cqualiri- by succe.ssive appro.’rimab'on.s. 

2. Account .should be taken of “con.stant errors.” The spatial ar- 
rangement of the stand;ird and tlie stimulus and tlie temporal 
.sequence of the stimuli (for example, tlie fact that the comparison 
.stimulus may follow tlie standard in time) may give rise to sys- 
tematic judgment tendencies such .as the sp.ace eaxor and the time 
error. In .arrii-ing at an estimate of tlie point of subjective eguab'hv 
sucli tendencies must be taken into consideration. 

3. Care must be c-vcrcised to prevent the subject from using— con- 
sciou.sly or unconsciously— extraneous cues. For e.xample, if the 
initial \-aluc of tlie variable comparison stimulus were alwax's the 
.s.ime, the .subject might learn a specific mox-ement bv which to 

. adjust it to the point of cqu.alitx-. He might learn to turn an in- 
leiisih- control knob through a certain angle. Changing die initi.al 
value of the xariable from trial to trial will prevent ^ch h.abits 
from being formed. Each adjustment must reflect an e.xph‘dt 
judgment of equalirix 

The average of a large number of adjustments represents a good 
estimate of the point of subjective equ.alitx’. A significant difi^erence 
behveen the value of the fixed .standard and the average adju.stment 
(PSE) indicates the presence of a s}'.stematic “error.” If the average 
adjusbnent is significantly harger than the sland-ard,' the subject 
overe.slimatcs the latter. Converselv, if tlie a\-erage adjustment is 
.significantly smaller than the .stand.'ird, the latter is'^underestimated. 
Significance of siich differences must, of course, be determined by 
stati.^‘cal analy.si^ As in other experiments, a difference between 
shindara and FSii is significant if it could be expected otilv ven' 
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infrequently on the basis of random fluctuations due to errors of 
measurement When a significant difference is established, the 
source of the systematic error presents a challenge to analysis and 
further experimental investigation. 

The subject’s mean adjustment cannot be fully interpreted with* 
out considering the scatter of values around the mean. It is impor- ■ 
tant to know not only what the average adjustment to equahty is, 
but also how variable the adjustments are from trial to trial. Some 


Adjustments of Variable Tone to Subjective Equality 


Trial No. 

Ascending 

Descending 

I 

48 

51 

2 

50 

47 

a 

49 

SO 

4 

47 

4$ 

S 

53 

49 

6 

47 

52 

7 

45 

46 

8 

51 

48 

g 

47 

52 

10 

49 

47 


Mean 

Mean 


Asc.- 48.6 

Total Mean: 48.8 

Desc.. 49.0 


Standard Deviation: 2.1 


index of the variability of the adjustments provides a measure of 
the precision of the subjects judgments If his equality judgments 
are precise, they will not vary mud) from tnal to trial. The greater 
the variability of the adjustments, the less is the precision of the 
subject’s judgments. 

Method of Computation. The accompanying table summar- 
izes the results of an experiment usmg the method of average error. 
The standard stimulus was a tone of fixed intensity (50 physical 
units). The subject had the task of adjusting the intensity of a 
variable tone until it appeared equal in loudness to the standard. 
On half the trials, the comparison tone was set at an intensity con- 
siderably above that of the standard, and the subject had to make 
a do%vnward adjustment to equally. On die other half of the trials, 
the subject had to adjust the intensity of the comparison stimulus 
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upward to equality. The mean adjustment is 48.8 which is oiiir esti- 
mate of the point of subjective equality. The difference of 1.2 units 
beuveeh the PSE and the standard is not statistically significant A 
difference of this size would be frequently expected as a result of 
random fluctuations due to uncontrolled errors of measurement. We 
•cannot conclude that the subject is displaying a systematic tendency 
toward overestimation or underestimation of the comparison stimu- 
lus. Comparison of the mean upward adjustment and mean down- 
ward adjustment (48.6 and 49.0, respectively) also fails to reveal a 
significant difference. Finally, the standard deviation of the distri- 
bution of judgments, 2.1, prowdes us with an index of the precision 
of tlie subject’s judgments. 

The Judgment of Intervai^ 

'„So far^ we have been concerned with situations in which the sub- 
jcct-sTask has been to judge presence or absence, sameness or differ- 
ence. We have not asked him to judge the magnitude of the stimuli 
themselves. Even when the subject adjusts the loudness of a tone 
so’‘as to match that of a standard, his judgment is focused on the 
point at which he cannot hear a difference. Yet, a subject finds it 
possible to judge the magnitude of a stimulus, or the extent of a 
stimulus difference. He can tell us fairly well when a tone is half 
as loud or twice as loud as another. As another example, it is fairly 
easy to adjust a shade of gray until it appears to lie midway be- 
tween a lighter and a darker gray. Several methods have been 
specifically designed for the purpose of quantifying these judgments 
of ma^itudes and intervals. 

The Method of Fractionation 

In this method, the subject has the task of \^ai}'ing the value of 
one stimulus (the variable stimulus) until it appears to have half 
the value of another stimulus (the fixed standard). For example, 
the subject may be prowded with a tone of fixed intensity and then 
be asked to adjust the intensity of the variable until it sounds half 
as loud as the standard.'' The relation between standard and varia- 
ble can, of course, be reversed, and the subject be required to 

■* See pp. 61 f. for an application of this method to the construction of sensory 
scales. ^ 
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’‘adjust the variable until it appears lo have rivice the value of the 
standard. Frequent experimental tests have established subjects’ 
ability to make such judgments of relation with satisfactory con- 
sistency. This procedure may be varied by using a series of fixed 
comparisoa stimuli which the subject judges as to whether or not 
they are twice (one-half) the value of the stimulus. Thus, bolh-the 
method of average error and method of constant stimulus dif- 
ferences can be adapted to problems of fractionation. 

The Method of Bisection 

This procedure is closely related to the method of fractionation. 
The subjects task is to adjust a variable stimulus until ft appears 
to fall midway between two fixed stimulus values. Thus, given 
stimuli Si and Sj, say, tones of fixed intensity, the subject has to 
adjust a variable stimulus, St, say a tone of variable intensity, until 
it appears to him that the distance between Si and 5^ equips ^e 
distance between Ss and Sa- From a large series of such adpjstments, 
an estimate of the subjective mid-point of the interval Si to St can 
be made. 

The Method of Equal-Appearing Intervals 

If a subject is required to grade a series of stimuh so th4t they 
appear equally distant from each other, we speak of the method of 
equal-appearing intervals. The method has probably found its best 
known application in the construction of the Thurstone attitude 
scale. The fudge is presented with a large number of statements 
concenung an institution, national group, or other issue, and sorts 
them into a series of categories which he judges to be equally 
spaced in favorableness. Ou the basis of such judgments, scale values 
may be computed for each of the statements. 

We mention the methods of fractionation, bisection, and equal- 
appearing intervals only briefly since they are used less frequently 
than the other methods we tove discussed and have found the^ 
main application in advanced ptychophysical research. They serve 
well to illustrate, however, the complexity of relational judgments 
which the human subject can make with good rebabihty. The 
analysis of sensory discrimination is not conned to the mcasurts 
ment of thresholds. 
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Comparison of Experimental Procedures 
We often hear about the ps)'chophysicaI methods-the method 
of minimal changes, tlie method of constant stimuli (and con- 
stant stimulus differences), and the method of average error. We 
have emphasized that these metliods should be regarded as gen- 
eralized models rather tlian as cut-and-dried procedures which must 
be slavishly followed by the experimenter. They do, however, 
embody the most common experimental approaches to the measure- 
ment of discrimination-absolute and differential. Let us now briefly 
examine their main similarities and differences. 

Subject’s Task. In a psychophysical experiment, the subject 
may either be presented with stimuli and be confined to making a 
judgment or he may actively manipulate a stimulus until he has 
rcachcd'the criterion prescribed by ^e e.xperimenter. In the method 
of minimal changes and the constant metliods, the subject’s role is 
usually passive but he actively manipulates a stimulus in the method 
of average error. Active manipulation of tire materials may help to 
maintain the subject’s interest and motivation. On the other hand, 
it may complicate the evaluation of the data, for the subject’s skill 
in handling the apparatus, e.g., the steadiness of his hand in making 
an adjustment to equality, may introduce an uncertain amount of 
variability into the results. In some experiments, on the other hand, 
we niay be specifically intcicsted in such motor errors and desire to 
measure them. 

Fixed vs. Variable Stimuli. In the constant methods, the 
stimuli are fixed and their values cannot be changed during an 
experimental series. In tlie metliod of average error, the comparison 
stimulus is continuously variable at tlie subject’s discretion. The 
method of minimal changes occupies a position intermediate be- 
tween these poles. The stimulus is varied by fixed amounts but tlie 
extent of variation may vary from series to series. Continuous varia- 
tion lends greater flexibility to the experimental procedure. On the 
other hand, fixed stimuli make for greater reliability, for a larger 
number of observations is obtained for any one stimulus value 

Number of Observ ations for Determination of Critical Stim- 
ulus Values. In Uie meUiod of minimal changes, each series yields 
a threshold value: in die method of average error, each adjusbnent 
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‘yields a point of subjective equality. Good estimates of thresholds 
and PSE’s are made by averaging a number of such observations. 
In the constant methods, on the other hand, any one judgment of 
different does not yield a measure of the magnitude of the thresh- 
old. Only one threshold value and one FSE are obtained, but these 
are based on a very large number of judgments and are inferred from 
the total distribution of judgments. 

Randomness of Stimulus Sequence. In the constant methods, 
stimuli follow each other in a random order which the subject is 
unable to predict. In the method of minimal changes, by its very 
nature, stimuli follow each other in a systematically increasing or 
decreasing series. Even though the experimenter is careful to use 
ascending and descending series, the subject inevitably builds up 
expectations about the nature of the series and is in a state of 
expectancy for a change in judgment (from absent to presept, from 
larger to equal, from mailer to equal, etc. ) . In his state of readiness, 
the subject may easily "jump the gun," report a change earlier 
than he would have in the absence of such expectation Even .with 
the most cooperative subjects, such errors can hardly be avoided. 
As far as freedom from the factor of suggestion is concerned, the 
constant methods are clearly superior. 

Among the various psychophysical models, the experimenter must 
take his choice according to the emphases demanded by his par- 
ticular problem. Above all, he must feel free to combine, adjust, 
and modify these procedures so os to get the best possible ans^ver 
to the questions wbicli he wishes to ask of his experimental results. 
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CUTANEOUS SENSITIVITY 


IN THIS chapter Ave begin the study of the psychophysics of sen- 
sory relations. We have defined psychophysics as the investigation 
of lawful relationships between the measurable characteristics of 
the stimulus, on the one hand, and response characteristics, on the 
other. The general field of psychophysics naturally divides itself 
into areas according to the separate sense modalities— vision, hear- 
ing, smell, taste, and the cnrtaneous senses. Although the concept erf 
a sense modahty may be intuitively obvious, it ments a brief formal 
consideration. 

The Concept of a Sense Afodality. The concept of a sense 
modality begins with the fact that the organism is equipped with 
specialized receptor systems. These receptor systems are differen- 
tially sensitive to various forms of energy changes in the environ- 
ment of the organism. Thus, the eye is especially sensitive to radiant 
energy, and the ear is maximally sensitive to sound waves. It must 
not be thought that these sensory sj’stems are insensitive to other 
forms of energy change. The receptors in the eye may be activated 
by pressure, and the auditory apparatus by electrical stimulation. 
ITie sensory systems, however, are specialized in that they are con- 
structed to provide information about the environment through 
their response to a particular form of energy. This specialization is, 
moreover, continued anatomically by the spatial arrangement of 
the central representation of these receptor systems. Thus, the optic 
nerve fibers have their central representation in a common region 
of the brain called the visual cortex. Similarly, the cutaneous scns« 
have a delimited area of central representation. 

The concept of a sense modality involves more than this. We 
must consider, for a moment, the characteristics of sensory experi- 
ence Varied as these characteristics are, they form separate groups 
33 
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of continua. All tlie hues and brightnesses of vision form' one group.- 
Noises, musical tones, and speech sounds all form a different group. 
Within each of these groups there are continuous transitions; from 
group to group, however, there are marked discontinuities. It is in 
terms of such discontinuities that the sense modalities are marked 
off from each other. It is the study of the characteristics of experi- 
ence, above all, which enables us to distinguish among tlie various 
skin senses. 

The Cutaneous Senses. Although the sknn is richly supplied 
with nerve endings and receptor cells, tliere is no special grouping 
of them into a single sense organ as we find with the eye and the , 
ear. The skin senses do not constitute sensory systems which can 
be independently defined both in terms of specific physical stimuli 
to which tlicy respond and in terms of distinct anatomical and func- 
tional systems. Rather, the skin senses must be defined and dis- 
tinguished from each other in terms of varieties or dimensions of 
response to stimulation of the skin. Once the types or dimensions 
of response have been defined, a search for neurological correlates 
and specific receptors can be can-ied on. 

• On the basis of response analysis, four skin senses have been dis- 
tinguished: the pressure sense, the pain sense, the warmth sense, 
and the cold sense. Note again that the breakdown is not initially 
based on the anatomically separate sensory systems but on cate- 
gories of response. The search for specialized types of receptors is 
still in progress. 

Punctate Distribution of Sensitivity. Let us stimulate the skin 
with a small camel s hair, a sharp needle, and the end of a rod 
whose temperature we control. As we successively apply these 
stimuli to different parts of the skin, we do not find uniform sensi- 
tivity to them. Rather, some areas or spots are sensitive to slight 
contact but not to changes in temperature. Again, otlier areas or 
spots arc sensitive to temperature changes but not to pressure. Even 
areas or spots sensitive to temperature break down into "warm 
spots and “cold spots.” We speak, therefore, of punctate distribu- 
tion of skin sensitivity. Punctate sensitivity implies not only markedly 
different thresholds in different areas but also the existence of dis- 
tinct spots sensitive to different kinds of stimuli. 

We speak of mapping the skin when we determine Uie distribu- 
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tiorv of punctate sensitivity to a ^ven kind of stimulus. Usually, a 
grid of indelible ink is stamped on the sldn of the subject to help 
locate the sensitive spots. These grids provide fairly good means of 
localizing the stimulus when %ve tiy to map the same, sldn areas 
repeate^y in order to determine the stability of the sensitive spots. 
Such a grid does not provide us, however, with perfectly stable 
coordinates for the mapping of the skin, since the skin is pliable 
and the location of the grid may shift. Other problems of mapping 
will be treated in connection with the individual cutaneous senses. 

Tiie Pressure Sense 

Punctate Distribution. In mapping the spots sensitive to pres- 
sure, we usually employ as a stimulus contact of a camels or hotse’s 
hair with the sldn. Application of the end of a hair exerts a force 
on the skin and deforms it. Deformation of the skin (which may 
also be brought about by pulling rather than depressing the skin) 
is the effective stimulus for pressure. The force applied may be 
varied by using hairs of different stiffness and/or length. These 
hairs may be calibrated by deteimmlng the weight in one pan of a 
balance which the hair will just lift when it is applied to the other 
pan. By measuring the diameter of the hair, the stimulus may then 
be expressed as grams per millimeter or grams per square millimeter. 

There are two questions which we attempt to answer in mapping 
the pressure spots: first, for a stimulus of given size and stiffness, 
how many spots can be found in a given region of the skin? Sec- 
ond, what is the absolute threshold for a given region? This latter 
measurement is made by employing a graduated series of hairs. 
The number of pressure spots in any given region will depend on 
the specific force applied. 

Using a stimulus of constant force, pressure spot distributions, • 
such as those shown in Fig. 2, are obtained. It will be noted that 
pressure spots are found predominantly, but not exclusively, in the 
hairy regions of the body. 

Different parts of the body vary both in the number of spots per 
unit area and in absolute threshold. For example, tlic fingertips 
and the lips are highly sensitive to pressure, with over 100 spots 
per square centimeter. In some areas, however, such as the cornea 
of the eye, there are no pressure spots. In general, the number ot 
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of continua. All the hues and brightnesses of .^ds^on form' on6 group.- 
Noises musical tones, and speech sounds all form a different group. 
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The Cutaneous Senses. Although the sldn is nchly supplied 
with nerve endings and receptor cells, tliere is no special grouping 
of tliem into a single sense organ as we find with tiie eye and the , 
ear. The skin senses do not constitute sensory systems which can 
be independently defined both in terms of specific physical stimuli 
to which they respond and in terms of distinct anatomical and func- 
tional systems. Rather, the skin senses must be defined and dis-- 
tipguished from each other in terms of varieties or dimensions of 
response to stimulation of the skin. Once the types or dimensions 
of response have been defined, a search for neurological correlates 
and specific receptors can be canied on. 

• On the basis of response analysis, four skin senses have been dis- 
tinguished: the pressure sense, tlie pain sense, the warmth sense, 
and the cold sense. Note again tliat the breakdown is not initially 
based on the anatomically separate sensory systems but on cate- 
gories of response. The search for specialized types of receptors is 
still in progress. 

Punctate Distribution of Sensitivity. Let us stimulate the sldn 
with a small camel’s hair, a sharp needle, and the end of a rod 
whose temperature we control. As we successively apply these 
stimuli to different parts of tlie skin, we do not find unifoim sensi- 
tivdtj' to them. Rather, some areas or spots are sensitive to slight 
contact but not to changes in temperature. Again, other areas or 
spots are sensitive to temperature changes but not to pressure. Even 
arcas^or spots sensitive to temperature break down into “warm 
spots and “cold spots." We speak, tlierefore, of punctate distribu- 
tion of skm sensitivity, rimctate sensitivity implies not only markedly 
different thresholds in different areas but also the existence of dis- 
tinct spots sensitive to different kinds of stimuli. 
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tion of punctate sensitivity to a ^ven land of stimulus. Usually, a 
grid of indelible ink is stamped on the skin of the subject to help 
locate the sensitive spots. These grids provide fairly good means of 
localizing the stimulus when we try to map the same, skin areas 
repeatedly in order to determine the stability of the sensitive spots. 
Such a grid does not provide us, however, with perfectly stable 
coordinates for the mapping of the skin, since the skin is pliable 
and the location of the grid may shift. Other problems of mapping 
will be treated in connection with the individual cutaneous senses. 

The Phessuhe Sense 

Punctate Distribution. In mapping the spots sensitive to pres* 
sure, we usually employ as a stimulus contact of a camel’s or horse’s 
hair with the sldn. Application of the end of a hair exerts a force 
on the skin and deforms it. Defonnation of the skin (which may 
also be brought about by pulling rather than depressing the skiri) 
is the effective stimulus for pressure. ’The force applied may be 
varied by using hairs of different stiffness and/or length. 'These 
hairs may be calibrated by determining the weight in one pan of a 
balance which the hair will just lift when it is applied to the other 
pan. By measuring the diameter of the hair, the stimulus may ther\ 
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how many spots can be found in a given region of the skin? Sec- 
ond, what is the absolute threshold for a given region? This latter 
measurement is made by employing a graduated series of hairs. 
The number of pressure spots in any given region wll depend on 
the specific force applied. 

Using a stimulus of constant force, pressure spot distributions, 
such as those shown in Fig. 2, are obtained. It will be noted that 
pressure spots are found predominantly, but not exclusively, in the 
hairy regions of the body. 

Different parts of the body vary both in the number of spots per 
unit area and in absolute threshold. For example, the fingertips 
and the lips are highly sensitive to pressure, with over 100 spots 
per square centimeter. In some areas, however, such as the cornea 
of the eye, tiiere are no pressure spots. In general, the number of 
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pressure spots is greatest toward the extremities of the body; More- 
Lr absoite seLitivity tends to increase with the density of the 
spots There are, then, some regions, especially toward the extremi- 
ties, which are characterized by both great density of pressure spots 
and low absolute thresholds; 
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Fig. 2. A Map of Pressure Spots 
on the Middle Forearm. Note the 
close but not perfect correspondence 
betiveen pressure spots and the pres- 
ence of hairs. (Reproduced by permis- 
sion from Foundations of Psychology 
by Boring, Langfeld and Weld, p. 
362, published by John Wiley & Sons, 
Inc., 1948. After Strughold, 1925.) 


The value of the absolute threshold may be lower than 1 gram 
per square millimeter (tip of finger) and as large or larger than 
100 grams per square millimeter on the sole of the foot. The thresh- 
old for pressure depends, of course, upon the rate of application 
of the force. If the force is rapidly applied, the threshold value is 
small; if it is slowly applied, it is larger. One further fact concern- 
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ing pressure sensitivity may be noted. If the area of contact with 
the stimulus is very small (hair stimuli), the absolute threshold is 
independent of the extent of the contact area, provided we express 
the thresholds in terms of grams per millimeter (force per linear 
size of stimulus). Thus, after obtaining the absolute threshold svith 



Frc. 3. A Curve Shoumg the 
Course of Adaptaboo lo Pressure. For 
a full explasatioa of the experimental 
procedure used to obtain this curs'e, 
see text. (From B. S Woodworth, 

Expenmental ptychohgt/, I9JS, p. 

468, by permission of Henry Holt and 
Company, Inc. After Von Frey and 
Coldmann, 1915.) 

a given hair, if we now use a hair with double the diameter, we need 
to double the force in order to elicit a response. 

Adaptation. The phenomenon of sensor)' adaptation refers lo 
the fact that with the steady application of a stimulus there is a 
gradual decline in the sensor)' effect Sense organs are sensi- 
tive to rapid changes in the ensironinent; in some modah^, a 
steady stimulus after a while fails toe^-ote its initial response. The^ 
is some evidence that for cutaneous pressure, the sensory e 
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The value of the absolute threshold may be lower than 1 gram 
per square millimeter (tip of finger) and as large or larger than 
100 grams per square millimeter on the sole of the foot. The thresh- 
old for pressure depends, of course, upon the rate of application 
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a p'ven hair, if we now use a hair with double the diameter, we need 
to double the force in order to elicit a response. 

Adaptation. The phenomenon of sensory adaptation refers to 
the fact that with the steady application of a stimulus there is a 
gradual decline in the sensory rfect. Sense organs are most sensi- 
tive to rapid changes in the environment; in some modalities, a 
steady stimulus after a while fails to«volce its initial response. There 
is some evidence that for cutaneous pressure, the sensory effect 
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coincides \vith tlie time during which the.sldn is being deform^. 
YYTien the stimulus has deformed the skin and come to rest, the 
experience of pressure tends to disappear. 

The decline in tlie sensoi}' effect is difficult to measure quan- 
titatively. In- one experiment, the decline in tlie sensdrj' effect was 
measured by an indirect procedure, using momentary^ pressures in 
one area of the sldn for comparison with the declining sensory 
effect of a continuing stimulus in another area. Thus, by adjusting a 
momentary pressure in intensity' to the pressure aroused by the 
steadily continuing stimulus, it was possible to determine tlie course 
of the decline in tlie sensory effect of the latter. Fig. S shows that 
considerable adaptation has occurred in a very' few seconds. 

This e.xperiment illustrates an important type of procedure used 
in the study of sensory phenomena. We determine the effect of one 
• stimulus in tenns of tlie effects of another and different stimulus by 
requiring the subject to match these stimuli witli respect to some 
single aspect. In this manner, standards of knowm value can be used 
in the study of sensory' effects. Tlie visibility' curves and tlie equal- 
loudness contours illustrate, in other sense modalities, the same type 
of procedure (for discussion of these, see pp. 64 and 115). 


The Pain Sense 

Punctate Distribution. The free nerv'e endings in tlie sldn may 
be injured in a variety- of ways: they may be pierced by a needle 
or some other sh.arp instrument; they may- be burned by die appli- 
cation of excessive heat; or they may- be harmed by' chemical 
agents. Such injury of the free nen-e endings arouses the e.vperience 
of pain. Pain, then, may be due to mechanical, thermal, and chemi- 
cal action on the skin. In addition, as in the case of the other senses, 
. electric shock may be a very effective stimulus to pain. 

Pam spots are more numerous than pressure or temperature spots. 
Although different parts of the body vary considerably in density' of 
pain spots, there are very- few skin areas entirely devoid of them'. In 
thyncmity of those ners-es and blood vessels which are close to die 
surface of Ae shn pain spots are particularly numerous. This is, of 
TOune, forhinate because pain sen-es as a signal of danger. The 

Lrf S'" independent of the position of the pres- 

sure spots. One notable instance is the center of the cornea i4ich 
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gives rise only to pain but not to pressure, warmth, or cold. The in- 
dependence of pain and pressure spots can obvihusly be verified 
only by the use of weak, small (microscopic or needle-point) stimuli 
which may produce either pain or pressure, depending on the loca- 
tion. If the stimulus is intense or large in area, the pliability of the 
skin will insure that both pain and pressure spots are stimulated. 

Just as the distribution of pain spots varies from region to region, 
so do the absolute thresholds for pain. With a mechanical stimulus, 
the threshold for pain in the center of the cornea may be as low as 
0.2 gram per square millimeter. On the other hand, on the tip of the 
finger a force as large as 300 grams per square millimeter is re- 
quired to elicit pain. Note that the magnitude of the thresholds for 
pain and pressure do not vary together in a given region of the body. 
For example, the tip of the finger, relatively insensitive to pain, is 
highly sensitive to pressure. Again, as in the case of pressure, great 
density of pain spots is accompanied by low absolute thresholds. 

Adaptation. Common experience suggests that pain does not 
show the phenomenon of sensory adaptation. Nevertheless, if the 
stimulus, (dter application to the skin, is carefully kept unchanged, 
there may result a pairx experience which gradually declines m time. 
Under many conditions the stimulus is not kept unchanged. Injury 
may reoccur when the skin moves and, thus, with this new stimulus, 
the pain will reoccur. Failure to keep the stimulus unchanged may 
account for the lack of pain adaptation in daily experience. 

As compared wth adaptation to pressure, adaptation to pain is 
slow. Even under controlled conditions, it may take from about 10 
seconds to about 10 minutes for complete adaptation. These times 
vary with the nature of the stimulus applied and the particular spot 
stimulated. 

The Temperature Senses 

The regions sensitive to cold do not coincide with those sensitive 
to warmth. It would be possible, therefore, to deal separately with a 
cold sense and a warmth sense. In view of many functional similari- 
ties however, and because both cold and warm receptors are in- 
volved in certain complex sensory effects, the tivo types of sensitiv- 
ity to temperature wll be treated together. 

Physiological Zero. If we apply a stimulus of variable tern- 
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gives rise only to pain but not to pressure, warmth, or cold. The in- 
dependence of pain and pressure spots can obvidusly be verified 
only by the use of weak, small (microscopic or needle-point) stimuli 
which may produce either pain or pressure, depending on the loca* 
tion. If the stimulus is intense or large in area, the pliability of the 
skin will insure that both pain and pressure spots are stimulated. 

Just as the distribution of pain spots varies from region to region, 
so do the absolute thresholds for pain. With a mechanical stimulus, 
the threshold for pain in the center of the cornea may be as low as 
0.2 gram per square millimeter. On the other hand, on the tip of the 
finger a force as large as 300 grams per square millimeter is re- 
quired to elicit pain. Note that the magnitude of the thresholds for 
pain and pressure do not vary together in a given region of the body. 
For example, the tip of the finger, relarireTy insensitive to pain, is 
highly sensitive to pressure, Again, as in the case of pressure, great 
density of pain spots is accompanied by low absolute thresholds. 

Adaptation. Common experience suggests that pain does not 
show the phenomenon of sensory adaptabon. Nevertheless, if the 
stimulus, ^ter application to the skin, is carefully kept unchanged, 
there may result a pain experience which gradually declines in time. 
Under many conditions the stimulus is not kept unchanged. Injury 
may reoccur when the skin mo\'es and, thus, with this new stimulus, 
the pain >vill reoccur. Failure to keep the stimulus unchanged may 
account for the lack of pain adaptation in daily experience. 

As compared wth adaptation to pressure, adaptation to pain Is 
slow. Even under controlled condilions, it may take from about lO 
seconds to about 10 minutes for complete adaptation. These times 
vary with the nature of the stimulus applied and the particular spot 
stimulated. 

The Tempehatuhe Senses 

The regions sensitive to cold do not coincide with those sensitive 
to warmth. It would be possible, therefore, to deal separately with a 
cold sense and a warmth sense. In view of many functional similari- 
ties, however, and because both cold and warm receptors are in- 
volved in certain complex sensory effects, the tivo types of sensitiv- 
ity to temperature will be treated together. 

Physiological Zero. If we apply a stimulus of variable tem- 
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perahire to a specific region of tlie skin, we discover a particular 
temperature value or range of temperature values at whidi the 
stimulus fails to produce a sensor)- effect. This point of indifference 
is defined by the temperature of the skin at the point of stimulation. 
In other words, if a therinal stimulus is equal to, or only very little 
different from, Uie temperabire of the skin, tliere is no experience 
of wannth or cold. This point or region of indifference is kmown as 
the phtjsioJogicnl zero. In order to be effective, a thennal stimulus 
must represent a change from plujsiologica} zero. As for the specific 
physic.al value of physiological zero, it varies for different parts of 
the body and is. of course, a function of the temperature in the en- 
vironment. Under conditions of nonnal room temperature, physio- 
logical zero, for exposed parts of the skin, is in the vicinity- of 33° G. 
Effective stimuli lower than physiological zero give rise to experi- 
ences of cold, tl\ose higher than physiological zero to e.xperiences of 
warmth. 

The effectiveness of a tlmmial stimulus depends, however, not only 
on its difference from physiological zero, but also on some of its 
other physical characteristics, such as its specific heat and its effi- 
ciency as a thermal conductor. Let us take two objects of equal 
temperature, both somewhat below physiological zero: a piece of 
fnetal which is a good conductor and a piece of cotton which is a 
poor conductor. Both will at first feel cool, because they are below 
physiological zero. The metal, however, will feel cooler tlnan tlm 
cotton. Metal conducts heat away from die skin more rapidly dian 
does cotton. 

It is not iiecessai)- to go much above or below physiological zero 
to arouse experiences of warmth or cold. If tlie physiolop'cal zero 
of the skin is near normal, c.g. 32° C., an increase or decrease of 
about 0.05 C. will result in an e.xperience of wannth or cold re- 
spectively. Thus, Urerc is a neutral zone of 0.10° C. around the 
ph) siological zero. Physiological zero, then, is not a point on tlie 
scale of temperature but a small region. 

Adaptation and Shifts in Physiological Zero. Whetlier or not 
a stimulus of fixed intensiU* arouses warmth or cold depends on the 
position of the physiologic.il zero. Physiologic.al zero, however, is 
not a fixed value for am- given region of the skin; it may go up or 
down as a result of the continued application of a stimulus. Sudi 
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continued applicntlon of n stinuiliit leads, ns we rcniemlKT, to the 
phenomenon of sensory ndaptation. In the case of contlmicd ihennal 
stimulation, two distinct ndaptation effects can lie estalilMirdj fird 
of all, the experience of warmth or cold declines ta.u weak h’M'l, 
Thus, if the hand (the physiological 7cro of ^wlilch Is ,'32" C.) Is 
immersed into a bath of about 20" C., the experienced coldness of 
the water continually declines, though It may not cninplelely dis- 
appear. In addition, the position of the neiilral zone along the physi- 
cal temperature scale has shifted radically. If, after adipfiiig flie 
hand to 20® C, we apply various thcrmai sthuufl to JK tw* not im}y 
find that temperatures below 20® C. feel cold hut also that tem- 
peratures between 20® and 32® C. which felt cold hefore ndajila- 
tion, now feel warm. A shift in the physiological zero involves both 
warmth and cold. The neutral zone docs not expand so ns to cover 
the range from 20® to 32® C The neutral /one does, however, eri* 
large to about a degree when adaptation is to extreme fcrripernfirres. 

Although adaptation to thermal stimtih is marked, it is not always 
complete. Complete adaptation docs occur with pimetiform sllrmi- 
lation. It also occurs with areal stimulation, r.g., immersion of a 
finger into water when the adapting temperature does no! devlalc 
too much from physiological zero. If areal slimnli with extreme 
adapting temperatures arc employed, adaptation is only partbl. If 
the finger is immersed into water of 10® C.. the experience of told 
continues for a long lime If the tcinpcraturc of the water is aliove 
40® C., the expenence of warmth or heal may continue indefinitely. 
Complete adaptation fails to occur for temperafurrj helrjw about 
15° and above about 40° C. with area! st/mnht/on hy water Nr-f 
only the extent of adaptation but also the time to atMin a sf- I'l 
level of adaptation vanes with tlie temperature of the ,tl p* ■ 
sdmuliis. In general, the more extreme the adsprin^ tcmp'ri- n 
the more time is required for adaptation 

^Vhen extreme temperatures are used, nfv, fjiMhfif . -.1 i < '• 

arc aroused. At one end of the scale, extrem» f old . ir '• • • 


at the other end, warmth changes to beat *nfl hn 
painful exjienence is reported Painful mUl n r«p 
5® C., heat at about 43® C.. burning hf-r ir f 

Punctate Distribution, -^s m th»* ^ 


,rr/ri a* 




can deferm/ne the location of tbr wam-i *’*'1 n-..- 
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face of the boay. The end of a blunt metal rod of a given tempera- 
ture may be conveniently used for stimulation. It is, of course, ex- 
tremely important that for a given determination the temperature 
of the 'rod be constant This may be achieved by immersing most of 
the rod in a batli of constant temperature. In mapping the warm 
spots, a stimulus dewce which is electrically heated is convenient 

A«^ain, as in the case of pressure and pain, the densiU’ of cold 
and warm spots differs for various parts of the bod\ . The range of 
the number of cold and warm spots per square centimeter is much 
less than that for pressure or pain. The absolute number of tempera- 
ture spots found depends, of course, on the temperature of the 
stimulus wifli which the sldn is explored. If the thermal stimulus is 
made intense enough, there is hardly any area of the e.xtemal sldn 
which will not produce e.xperiences of warmth or cold. This may, 
however, be due to the fact that a verx' intense stimulus spreads over 
a udde area of the skin. 

Since the sldn conducts heat, and the stimulus, therefore, cannot 
be confined to an e.xactly circumscribed region of the skin, it may 
be that thermal sensiti\-ih' depends upon the concentration of re- 
ceptors in a gi\-en area. If the concentration is great, every applica- 
tion of a thermal stimulus will reach a sensitive receptor. If there 
-is a low concentration of receptors, a given stimulus has a smaller 
chance of actirating a receptor. Because of the changing concentra- 
tion of thermal receptors, there arise “hills and valleys,” areas of 
greater and less sensiti%'ih-. 

The number of cold and warm spots is smaller per unit area than 
is the case for the other two senses. There are areas of the body tlral 
are insensitive to cold or warmth. Stimulation of tire center of the 
cornea of the eye produces only e.xperiences of pain. The outer 
margin of the cornea, hower'cr, is sensitive to botli painful and cold 
stimuli, but not to warm ones. Certain areas of the throat are also 
insensitive to temperatrue change. 

.As we have mentioned before, the absolute threshold to cold or 
warmth is small, about 0.05° C. change in temperature when the 
physiological zero is near normal. Under adaptation, however, the 
tlueshold %-alue may be increased to as much or more than half a 
degree. It is interesting to note that the thresholds for cold and 
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warmth are approximately equal on most regions of the external 
skin. 

So far, our discussion has implied that stimuli above the physio- 
logical zero give rise to warmth, and stimuli below the physiological 
zero give rise to cold. This is generally true, of course, but there are 
interesting exceptions. Let us suppose that we have already located 
a cold spot. If we apply a stimulus above the ph)’siological zero to 
that spot, the subject may report an experience of cold. Since the 
relation betxveen the temperature of the stimulus and the report 
typically given is reversed, we call this phenomenon paradoxical 
cold. A stimulus of fairly high temperature (about 43® C.) has to 
be applied to a cold spot in order to evoke paradoxical cold. The 
parallel phenomenon of paradoxical warmth, resulting from the ap 
ph'cation of a low-tcmperature stimulus to a warm spot, is much 
more difficult to demonstrate. 

Paradoxical cold cannot be aroused by an areal (non-punctiform) 
stimulus because the warmth receptors would also be stimulated in 
that case. An areal stimulus of about 45® C. must stimulate both 
warmth and cold receptors. Since heat is e.xpenenced at that tem- 
perature, the hypothesis has been proposed that heat results from 
simultaneous stimulation of these two types of receptors This hypoth- 
esis has been verified by the following experiment. We choose a 
warm spot and apply to it a stimulus of about 38® C., which under 
ordinary circumstances arouses an experience of mild warmth. Close 
to this warm spot we select a cold spot and use a stimulus of about 
20® C., which by itself is ordinanly experienced as cold. ^Vhen the 
rivo spots are stimulated together, the subject will frequently report 
an experience of heat. This expenment is called the synthetic heat 
experiment, since heat is produced by bvo stimuli, neither of which 
is hot. , „ 

^Vhatever the quah'lj' of experience aroused, temperature spots 
are somewhat unstable. Suppose we select a circumscribed area of 
the skin xvith a grid of indelible ink upon it, and then carefully 
map the cold and warm spots at two temperatures. A day later we 
remap the same area with stimuli of the same temperatures. We 
find that while some of the warm and cold spots have disappeared, 
many spots have remained inx-anan^ while again some foimerly 
insensitive areas are now responsive. Although the distnbution of 
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the receptors is punctate (the receptor cells and free noh-e ‘^d- 
in<^s are discrete), nevertheless we obtain instability in mapping 
because the skin itself conducts heat over areas which do and 
areas which do not contain sensitive cells. The e.xtent to which the 
effect of a given stimulus will spread is variable, and it may reach 
different numbers of receptors from one application to another. 
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Fig. h . Maps of Cold and Warm Spots. The same area on tlie upper 
arm was plotted four times in the course of one week. Note that the dis- 
tributions of spots changed somewhat from one mapping to another, but 
also sliow considerable consistency. (From K. M. Dalicnbach, The tem- 
perature spots and end organs, Amcr. /. Psychol, 1927, 39:417, by per- 
mission of tire journal and the author.) 

Moreover, slight changes in the temperature of the skin and slight 
shifts in the physiological zero are likely to lead to a change in the 
mapped distribution of sensory spots. Even the niost careful c.vperi- 
mentation cannot avoid the occurrence of sucli clranees from dav 
today. ^ ^ 

As Fig. 4 shows, the changes in the distribution of the spots are 
not haphazard. There are many stable spots and some that have 
shifted. Such changes are precisely what we would e.vpect in view 
or the previous discussion. 
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Cutaneous Receptors 

The distinction among four skin senses has naturally led to a 
search for specialized receptors- One procedure has bcf n to correlate 
the distributions of sensory spots with the distributioas .«>£ receptor- 
type cells and neural elements in the skin- A secpjid, and more 
direct procedure, consists of the histological examination of a skin 
area that has been carefully mapped for sensory spots. The histol- 
ogist has described and classified many elements wliich are potential 
cutaneous receptors, but the correlation between these histological 
elements and observed sensory effects is equivocal. 

In the early work evidence seemed to point toward specialized 
receptors for the four senses. As experimental work accumulated, 
however, it was found that, in general, there was no one-to-one 
correspondence behveen the four ty'pes of cutaneous experience on 
the one hand, and four types of receptors on the other. For example, 
the margin of the cornea is sensitive only to painful and cold stimuli. 
Both free nerve endings and Krause’s end bulbs have been found In 
that area. There the correlation appears to be between pain and 
free nerx'e endings and betxveen cold and Krause’s end bulbs When 
this hypothesis was tested in other areas of the skin, histological 
examination of cold-sensitive spots faded to show the presence of 
these end bulbs in some cold-sensilive areas. On the other hand, 
the correlation between p.nn and free nerve endings seems estab- 
lished, for the free nenc endings are the only receptor elements 
frequent enough to account for the great density of pain spots. In 
addition, direct histological tests liave supported this conclusion. 
Only one other correlation seems certain, and that is between the 
hair follicles or bulbs and the expenence of pressure in tlie hairy 
regions of the body. The frequently mentioned correlation between 
Meissner’s corpuscles and pressure in the hairless regions of the 
body is, on the other hand, doubtful. There has been little, if any, 
agreement on the end organ for wanuth. 

The equivocal evidence concerning specialized receptors, the 
increasing number of end bulbs and corpuscles which have been 
identified, and the ubiquitous presence of free nerve endings have 
led some investigators to believ’C that it is only the latter which are 
always functional in cutaneous sensib'vity. Although the free nerve 
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Cutaneous Receptors 

The distinction among four shin senses has naturally led to a 
search for specialized receptors. One procedure has been to correlate 
the distributions of sensory spots with the distributibas Jbf reccptor- 
type cells and neural elements in the skin. X sec^id, and more 
direct procedure, consists of Uie histological examination of a skin 
area that has been carefully mapped for sensory spots. The histol- 
ogist has described and classified many elements which are pofenbaj 
cutaneous receptors, but the correlation between these histological 
elements and observed sensory cflfects is equivocal. 

In the early work evidence seemed to point toward specialized 
receptors for the four senses. As experimental work accumulated, 
however, it was found that, in general, there was no one-to-one 
correspondence between the four types of cutaneous experience on 
the one hand, and four types of receptors on the other. For example, 
the margin of the cornea is sensitive only to painful and cold stimuli. 
Both free nen*e endings and Krause’s end bulbs have been found in 
that area. There the correlation appears to be between pain and 
free nerv’e endings and between cold and Krause’s end bulbs. When 
this hypothesis was tested in other areas of the skin, hislologicat 
ctamination of cold-sensitive spots failed to show the presence of 
these end bulbs in some cold-sensitue areas. On the other hand, 
the correlation between pain and free nerve endings seems estab- 
lished, for the free nerve endings are the only receptor elements 
frequent enough to account for the great density of pain spots. In 
addition, direct histological tests have supported this conclusion. 
Only one other correlation seems certain, and that is between the 
hair follicles or bulbs and the c.xpericnce of pressure in the hairy 
regions of the bodj'. The frequently mentioned correlation behveen 
Meissner’s corpuscles and pressure in the hairless regions of the 
body IS, on the other hand, doubtful. There has been little, if any, 
agreement on the end organ for warmth. 

The equivocal evidence concerning specialized receptors, the 
increasin'' number of end bulbs and corpuscles which have been 
identified, and the ubiquitous presence of free nerve endings have 
led some investigators to beliexe that it is only the latter which are 
always functional in cutaneous sensi'UWty'. Although the free nerve 
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cwlinps appear to lie slnicturally alike, they may fnna tlillerfmt 

fiindional systems. ... 

Recently, a more (rutlhil line of investiltation has been the conel.T 
(ion liehvecn entaneous experiences ami various types of n<‘rv<r 
ftirers. Phy-sinlopists have classiried the nerve fibers of a cufammis 
nerve into three types (A. H. and C) in tenns of certain fimetiona! 
and anatomical characteristics. From experimetUal and patholoiiie.il 
evidence, and from electrical retxnds of nerve aclio.u, a fv-rt.n'n 
decree of correspondence between fiber types arid types of aitaneous 
experienec.s has become evident. Wliafeser tin* specific receptors 
which respond differentially to varions types of .stimuli, this differ- 
entiation is maintained by the fibers of the cnt.meoiis nerves. 

r.xejrnsn’.vr 1 

Di-vroNsniATioN or Tiinisr.si. .\n,\r'T,\nos' 

Purpose. The purpose of this classic-il luperimert; fwin'eh was first 
performed more than a humlred yr.irs aco? is to i!i it!(i'r.tr.ite the shift 
in the physiolopic.vi zero ns a rc-ssilt of coatimi'sus fvp.ssutr to a tlii-Tma! 
.stiiniilu.s, 

Afatcrials. Three henVers or IkiwU, \s.itr r, ict', lu ater (or a s'.ntsce 
warm water), and a iheniiometet ate rcijmred. 

Procedure. \Ve first wish to show th.it tie- physi''hi',,’i'v’.d rs-m of one 
skin surface shifts due to cxpasuie to warm ssati r. uiule tin- pUyvi do^i' 
c.il zero of anotlu’r siirf^icv shifts in the opjio'.itf direction due to ex- 
posure to cold water. 

The fempcr.iture of the w.ater in one Ikiw) {/)) is adiu'ted until it freU 
neutral when the subject immerses (us finerts in it. Ttiis wd! prohshly 
occur .at alroul 30“ C. The ternpcr.itnre of the water in orm nf the otleT 
howls (A) Is lowered to 20® C. .Add tec if nect-.ss.aty. The temper.rtnrc 
of the third howl (C) is raiseil to tO- C. 

Tiie .subject immerses t)ie finpers of his left hand in IkiwI A and the 
fingers of his right hand in how! C. He keeps them in the hensU for 2 
minutes. At the end of that time, he dips tfie fingers of Iwth h.viuls simul- 
taneously in bowl U. Rowl » contains the water which previously had felt 
neutral. The subject now reports )mw the water feels to each lumd. 

As a further demonstration of the f.vct that the phsaiiological zero simul- 
taneously shifted for both thermal senses, tfie follosving procedure m.ay be 
used. Only two bowls are rerpiirr-d. Hie temper.iture in one of them i.< 
ndjirsled to 25® C.. and the temperature of llie other to 13® C. The sub- 
ject momentarily dips bis fingers Into tlu- fir.st howl (23® C.) and reports 
his tlicrmnl experience. He then immerses the fingers of the same h.and 



CUTANEOUS SENSITIVITY 47 

into the second bowl (15® C.) and keeps them there for 2 minutes. At the 
end of this period he again tests the water in the first bowl (25® C.)- 

Experiment II 

Mapping Cutaneous Sense Spots 

Purpose* To map the four types of sensory spots '(pressure, pain, 
cold, and warm spots) in a circumscribed area of the skin. 

Pressure Spots 

Materials. An esthesiometer, t.e , a hor-c’s or camel's hair attached 
to a handle, is used for the application of (he pressure stimulus. An area 
of the skin is delineated for plotting by means of a grid stamp A safely 
razor is used for shaving off hair previous to mapping the pressure spots 
and a very light grade of sandpaper for rubbing off the outer layer of 
skin. The map of pressure spots is recorded on graph paper. 

Procedure. Two skin areas are selected, one from the back of the 
hand, and the other from the dorsal part of the upper arm. For each of 
the two areas, the following procedure is used. The area is first freed of 
hair, svashed Nvith warm water and lightly rubbed with the sandpaper in 
order to remove the outer, dead byer of sldn. The gnd is carefully 
stamped on the skin \vith an attempt to make the lines as clear and sharp 
as possible. A piece of graph paper is marked off with a grid correspond-* 
ing to that stamped on the skin Defore beginning the actual mapping 
of the area, the experimenter should practice using the esthesiometer so 
that he is able to bend the hair to the same degree on each trial. In this 
manner the intensity of the stimulus xviU be kept constant. Only under 
this condition can the maps be meanuigfully interpreted. During this 
practice period, the subject should attempt to establish a consistent 
criterion for reporting (he presence of pressure. 

The area is then mapped by applying the esthesiometer to each square 
of the gnd After each application of the esthesiometer. the subject re- 
ports whether or not he felt the pressure. Whenever pressure is reported, 
the experimenter marks on the graph paper the square corresponding to 
the one from which the subjects response was obtained. This is con- 
tinued until all the squares of the grid haw been stimulated. 

Pain Spots 

Materials. Smee the same areas of the skin are to be mapped, feiv 
new materials are required. The stimulus is appbed by means of an 
algometer which is simply a sharp, slender needle attached to a handle. 
A steel phonopaph needle mounted la a handle serves as well. A wet 
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procedure to mapping ali four senses, the areas may be remapped for 
on/ ohe sense. The reliability or stability of spots is then tested by (1) 
comparing the total number of spots obtained ia the hvo mappings, 
(2) noting how many of the indiividual spots are found on both occa- 
sions, (3) counting how many spots found in the firs^ mapping disappear 
in the second, and (4) ascertaining how many new spots appear in the 
second mapping. 

Change in Intensity of Stimulus. The number of spots found in 
any one experiment depends on the intensity of the stimulus used. An 
alternative procedure, then, would be to I'emap the hvo areas for pressure 
spots with a stimulus of different intensity. To obtain an increase in in- 
tensity we may use an esthesiomefer with a stid’er hair which wjjf exert 
a greater force per unit diameter. In applying the more intense stimulus, 
the record of the first mapping should be kept out of the sight of the 
subject so that he should not be influenced by his previous reports. The 
following questions should be considered. (1) What is the general effect 
of increasing the intensity of stimulation? (2) Do the hvo areas show 
comparable changes in the density of pressure spots with increase in the 
level of stimulation? 

The other types of sensitive spots may be remapped in a similar 
fashion w4th sUmidi of greater intensity. 
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cloth or sponge is ncctU'd In Vvip the sVin moist (hiring the cxpcTlmmi 

rrnrcilurc. Rofore inapjiing ihr pain spolv, tin- cxporinicntcr shonh! 
practice the rise of the algometer. It v.’ill h-' discnvereil that very 
pressure is needed to elicit pain The exp<-tim< uter nm-.t he uhle to apply 
the needle wirfi.thf same intemity on nil trials. Afli'r the inappiin; has 
begun, .spcChil pure rntist he l.da n not in imte.ise tli- intensity of ih- 
stimulus if a few succ(>ssive trials fail In prodneo a lesponre. Again, e.ieh 
srpmre of the grid is tested, and a trcnnl m.ide on ih*’ map. The shin 
should f>e kept moist ihtougliout the mapping. 

^Perrn Spats 

Matcriahs. Tlic warm .stimuli an; applied hy me.ins of lenijn-tature 
cylinders or brass rods. A beaker svith water and a heater are retpiircd to 
keep the stimulaters at a eonst.uit teiiiperafiite. A centigrade th'Tinomitcr 
is used to measure tlie temper, iliire. 

Procedure. We map the s.irne .ire.is .again. Kach are.a js washed and 
dried, and a few minutes later the in.ipping is liegam. Tim stimulaters 
should be heated to -10- C. .md wiped dry In foie application. Cue must 
he t.akcn to .apply the sliinnl.iteis with a const.int force each time. More- 
over, the duration of the slimnhis should he very .short and ennstatit from 
trial to trial. Tlie rods should he fteiim-ntly changed in orih-r lf> insure 
constant temperature of the stimulus. Again, a complete map (s made. 

Cold Spots 

Materials. Tlic cold stimuli arc nl<o applied hy me.nns of temperature 
cylinders which are cooled to the desued leinpetaUitc ii\ u VxmV.er of cold 
water (iced). 

Procedure. The temperature cylinders are cooled to a tfinper.iture of 
15'’ C. The same procedure is followed .as in the mapping of tlie warm 
spots. 

Treatment of Jlcsults 

For each sense .and for each .are.a, a count of tlie nmuher of spots is 
made. Tsvo sets of comparisons arc made; ( 1 ) fur each sense the two 
arc.as arc emmpared with re.spect to density of spots; (2) for a given area 
the densities of (he four types of spots are noted. 

We also consider the location and grouping of the spots. Do the 
pressure spots and pain spots aiincide? .Arc cold and warm spots found 
in the same squares of the grid? How do the patterns or distributions of 
the four types of .spots compare with each other? 

Stability of Spots. The above procedure provides, of course, no data 
relevant to the stability of spots. If time permits, or ns an alternative 
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procedure to mapping all four senses, the areas may be remapped for 
any one sense. The reliability or stability of spots is then tested by (1) 
comparing the total number of spots obtained in the two mappings, 
(2) noting how many of the individual spots are found on both occa* 
sfons, (3) counting how many spots found in the firs\ mapping disappear 
in the second, and (4) ascertaining how many new spots appear fa the 
second mapping. 

Change in Intensity of Stimulus. The number of spots found in 
any one experiment depends on the intensity of the stimulus used. An 
alternative procedure, then, would be to remap the two areas for'pressure 
spots with a stimulus of different intensity. To obtain an increase in in- 
tensity we may use an esthesiometer with a stiffer hair which will exert 
a greater force per unit diameter. In applying the more intense stimulus, 
the record of the first mapping should be kept out of the sight of the 
subject so that he should not be influenced by Jus previous reports. The 
following questions should be considered: (1) ^Vhat is the general effect 
of increasing the intensity of stimulation? (2) Do the hvo areas show 
comparable changes m the deiuity of pressure spots with increase fa the 
level of stimulation? 

The other types of sensitive spots may be remapped fa a similar 
fashion with stimuli of greater intensity. 
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AUDITION 


THE experimental psychology of audition concerns itself with the 
sensory experience which results from stimulation of the ear. Our 
lives are full of such experiences: people's \oiccs, the roar of traffic 
from the street, soothing or exciting music— the infinitely rich wriety 
of sounds which no one could enumerate These sounds differ in 
many ways: some are loud and some are soft; whether loud or 
soft, some sounds are high-pitched, others low-pitched, In addition 
to these fundamental modes of variation, there are many others. 
There are nch, full-bodied musical sounds, and there are shrill, 
grating squeaks and noises. Even two notes identical in pilch and 
loudness will vary greatly in quality when they come from hvo dif- 
ferent musical instruments Of course, the sounds we experience 
also differ in pleasantness and unpleasantness The problem for 
experimental psychology is to relate the ways in which auditory 
experience varies with changes in the physical stimulus. 

The advances in the psychology of hearing hax-e closely paralleled 
the increasing control of the auditory stimulus which physicists 
and engineers have achieved. Not so long ago, a set of tuning forks 
and a siren were the most important tools of a psychologist inter- 
ested in sound. Today, he may utilize the whole array of ingenious 
devices and measuring instruments which became available with 
the arrival of the vacuum tube and the radio. 

Tiie AuDiTonY Stimulus 

In order to relate stimulus and experience, we have to knmv some 
of the fundamental physical properties of sound. 

Vibration and Simple Hannonic Motion- Many physical 
objects are set into vibration when energy is applied to them. As an 
object moves back and forth, ft transmits some of its energy to tic 
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AUDITION 


THE experimental psychology of audition concerns itself with the 
sensory experience which results from stimulation of the car. Our 
lives are full of such experiences: peoples voices, tlic roar of trafiRc 
from the street, soothing or exciting music— the infinitely rich variety 
of sounds which no one could enumerate These sounds diiler in 
many ways: some are loud and some arc soft, whether loud or 
soft, some sounds arc high>pilchcd, others low>pitclic’d. In addition 
to these fundamental modes of vanation, there arc many others. 
There are rich, fulhbodicd musical sounds, and there arc shrill, 
grating squeaks and noises. Even two notes identical in pitch and 
loudness will vary greatly m quality when they come from two dif- 
ferent musical instruments. Of course, the sounds we experience 
also differ in pleasantness and unpleasantness. The prohJe/n for 
experimental psychology is to relate the ways in which auditory 
experience varies xvith changes m the physical stimulus. 

The advances in the psychology of hearing ha\ c closely paralleled 
the increasing control of the auditory stimulus which physicists 
and engineers have achieved. Not so long ago, a set of tuning forks 
and a siren were the most important tools of a psychologist Inter- 
ested in sound. Today, he may utilize the whole array of ingenious 
devices and measuring instruments which became available with 
the arrival of the vacuum tube and the radio. 

Tire Aupitohy Stimulus 

In order to relate stimulus and experience, we have to know some 
of the funefamenfaf pfiysi'caf properties of sound. 

Vibration and Simple Harmonic iSIotion. Many physical 
objects are set into vibration when energy is applied to them. As an 
object moves back and forth, it transmits some of its energy to the 
51 
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surrounding air partic3es. The air particles move back and forA in 
the same pattern as the vibrating object. As the air particles collide 
with each other,’ the- movement spreads away from tire \dbrating 
object until the energ)’ imparted to tire particies from the object is 
dissipated. The stimulus for hearing is this kind of vibratory' motion. 

The simplest kind of wbratory' motion is simple harmonic motion. 
The to-and'fro movement of a pendulum is a common e.xample of 
simple harmonic motion. A moring object executes simple harmonic 



motion if the degree of its displacement is proportionate to the force 
applied to it. tVhen the amount of displacement of such a xdbrating 
object is plotted as a function of time, the sine curce shown in 
Fig. 5 is obtained. The sound emanating from a tuning fork can be 
described by suc^ a sine cuiv'e and is known as a pure tone. Along 
the abscissa of Fig. 5, time is plotted; along the ordinate, the amount 
of displacement, i.e., the amplitude of \dbration. At zero time, the 
isplacement is zero. As time progresses, the displacement rapidly 
increases in ma^itude and reaches a maximum. Once the maxfciuin 
^ been passed, the amph’tude decreases back to zero. The dis- 
placement of the body then follows the same course, with sign 
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reversed. Wlien, after going through a maximum and minimum, the 
displacement has returned to 2 cro, a cycle has been completed. The 
term cycle thus refers to the portion of the cur%e from O to P. The 
time required for the completion of one cycle is called the period 
of the %vave. The number of cycles per second constitutes the fre- 
yiicncy of the wax e. Thus, a sine wave is completely determined by 
its frequency and its marimum amplitude of displacement. 



Fig. G- The Generation of a Complex Tone Curxe C represents the 
mornent'by-moment addition of sine curve A to sme curxe B. (After E. G. 
Boring (ed.), Pst/cliologij for the armed tcroices, 1945, p. 98, by penms- 
sion of Infantry Journal, Inc.) 

Id Fig. 5, the curve leaves the lime axis at the origin Suppose 
that a wave identical in frequency and intensity is slightly displaced 
so that it leaves the time axis a short time after die first wave. The 
two waves would then be out of phase with each other. The posi- 
tion on the time axis of one wave with respect to another is thus 
called phase. 

Let us return to the xibrations of a tuning fork. The resulting 
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lovement of the air particles creates successive regions 6f con-. 
lensation and rarefaction iff the medium. These .changes in the 
iensity of the air. give rise' to changes in the pressure exerted on any 
jbject placed in the vibrating medium. Thus, when the diaphragm 
of a microphone is placed near a wbrating object (source of sound), 
the pressure exerted on the diaphragm can be readily measured. It 
is for this reason that sound-pressure level is rvidely used to measure 
the intensi^' of sound. 

Only a few of the sounds which we encounter are produced by 
tuning forks or their electronic equivalents, and, therefore, only fexv’ 
auditor)' stimuli are simple sine waves. Even a carefully plucked 
riolin string produces a complex sound wave. And yet the vibrations 
of a wolin string are extremely simple as compared wth the sound 
waves which we appreciate as speech or the music of a sjanphony 
orchestra! With such sounds as speech and music, the complexitj' 
of the pattern changes continuously in time. It is to this problem of 
comple.xity that we shall now turn. 

Consider Fig. 6. There are rivo sine curves, A and B, which differ 
in frequency. The third curve, C, represents the moment-by-moment 
addition of cun’e A to emwe B. Obviously, curve C is not a sine 
curve, but a complex one. In a similar manner, one could add 
together any number of sine curves and obtain highly complex 
curves. In fact, it has been proved that one can take any coniplex 
curve and anal)' 2 e it into a series of sine curves havdng appropriate 
amplitude and phase relations. This matliematical law is known as 
Fourier s theorem and is a basic principle of acoustics. It applies 
only to wave forms which periodically repeat themselves. 

The Physical DatExsioNs of the Auditory’ Stemueus 

There are two basic dimensions along which a pure tone can vary’: 
frequency and intensity. These variations may occur independently 
of each other. When pure tones are combined, another tv’pe of 
variation occurs: there is a change in the comple.\'it)’ of the stimulus 

Physical Units. It is important to describe the physical stimu 
lus in precise quantitative terms. The frequency of a sound wave i 
designated in terms of cycles per second (c.p.s.). This measure refen 
of course, to the number of cycles of a periodic wave that occurs f 
1 second. As we have indicated, the intensity of the auditory' stimi 
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lus’is rnosl convenienOy expressed In teims ql sound pressure. Now 
pressure is defined as force per unit dfea.’The most common unit 
of pressure in acoustics is one dijne/cmK (One d^me is the force 
which svill increase the velodt)' of a mass of one gram one centi- 
meter per second every second.) At those frequencies to’ which the 
car is most sensitive, the most intense pressure that the ear can 
tolerate is more than ft million times as large as the weakest pres- 
sure that the ear can detect. This tremendous range of sound pres- 
sures makes the use of a h^arilhmic scale especially convenient. It 
is in the nature of a logarithmic scale to compress the upper end 
of a scale relative to the lower end. Such a compression of the scale 
is convenient since a change of say, one dj-ne/cm*, in the upper 
region of intensity does not usually produce neatly as large a sensorj- 
effect as it does in the lower region. The logarithmic scale In terms 
of which sound pressures are expressed is the decibel (db) scale. 
The number of decibels is defined by the following equation; 

A’., = 20 log,. 

pi 

where N is the number of decibels, pi is a reference pressure, and 
p* is the pressure to which the number of decibels refers. Clearly 
then, a decibel is a measure of rclattcc mogm'rurfe. Tlie fraction. 
Ih/pi, tcfls us how many times greater p- is than pi. Then, in order 
to compress the scale, the logarithm of this fraction is taken. TTie 
multiplication by 20 is a matter of convention 
The decibel is a measure of rclalice pressure. It has meaning, 
therefore, only if the reference pressure is kmouTi. To say that a 
sound stimulus has a pressure of 20 decibels and to let it go at that 
is meaningless. All that has been said is that p- is ten times greater 
than some (unkmown) pressure, pi. Not until pi is specified does 
such a statement acquire significance Two reference pressures have 
been widely used in acoustical research' 

Sound-Presstire Leech pi here is taken to equal 0 0002 (Jijnc/cm% 
When the term sound-pressure heel (SPL ) is employed, it is under- 
stood that this reference level has been used. 

Sensation Leech It is often convrnient to take as the reference 
level not an arbitrar)’ physical magnitude but ratlicr the sound pres- 
sure of the stimulus at the absolute threshold. \\Tien this reference 
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pressure is employed, the intensity of the stiinulus is Expressed in 
terms of sensation level Thus, to say that the intensity of a sound is 
50 db sensation level means that the sound pressure is 50 db above 
die absolute threshold of the subject for that particular sound. 

AtrorroRY Discrimination 

Let us now show how auditory experience depends on the physical 
dimensions of the stimulus. 

Determination of Anditonj Area 

We may best begin %vith an experimental demonstration. As a 
source of sound, we shall use an audio-oscillator which generates 
pure tones (sine waves) whose intensity and frequency we can con- 
trol. We put our subject in a very quiet room. The oscillator drives 
an earphone which is fitted snugly over the listeners ear. We set 
the frequency control dial of the oscillator to 500 c.p.s. We turn the 
intensity control to a low setting. The subject, who has been in- 
, structed to signal when he hears a tone, fails to react. We again 
present the tone with the intensity slightly increased. On the third 
such presentation of the tone, the subject signals. 

We now begin a new series of presentations. The tone is first 
presented at an intensity well above the values used in the first 
series. The subject immediately responds. On successive presenta- 
tions of the tone, we decrease the intensity until the subject no' 
longer responds. We repeat these two types of series several times 
and then average those intensities, at which the subject’s reaction 
changes (from no response to res^^e and from response to no 
response) This average defines me absolute threshold of the sub- 
ject at 500 c.p.s. The method which we have used in obtaining the 
threshold is the method of minimal changes (or method of limits). 

This procedure is repeated at selected frequencies which range 
from the lowest frequency to which the subject will respond (about 
20 c.p.s.) to the highest (about 20,000 c.p.s.). When the thresholds 
thus obtained are plotted as a function of frequeiicy, the lower curve 
m Fig. 7 results. This curve is the sensitivity curve of the human ear. 

At each of Ae frequencies which we have previously used, we 
now increase the intensity of the tone until the subject reports that 
he expenences tickle or pain. When the averages of these intensities 
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are in tum'JjJotted as a function of frequency, the upper curve in 
Fig. 7 results, the curve of the threshold of feeling. 

The sensitivity curve of the ear and the curve of the threshold of 
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Fic 5. 7. The Sensitivity Curve of the Human Ear. The lower curve 
represents the sound pressures needed at the different frequencies to 
produce a just audible sound. The upper cun’e represents the sound 
pressures which result in a feeling of pressure or pain. The area delimited 
by these hvo curves is the auditory area. (From £■ C. Boring (ed.), 
Psychology for the armed services, 1945, p. 102, by permission of 
Infantry Journal, Inc.) 

feeling form the boundaries of an area within which fall all the 
stimuli to normal heanng. This area is the auditory area. 

Differential Sensitivity to Frequency and Intensity 
Differential Sensitivity to Frequency. Suppose we present our 
listener with a SOO-cycle tone well abos-e his absolute threshold. 
Half a second later, we present him with a 502<ycle tone at the 
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pressure is employed, the intensity of the stiinulus is expressed in 
terms of sensation level Thus, to say that the intensity of a sound is 
50 db sensation level means that the sound pressure is 50 db above 
tlie absolute threshold of the subject for that particular sound. 

Auditory Discrimination 

Let us now show how auditory experience depends on the physical 
dimensions of the stimulus. 

Determination of Atiditonj Area 

We may best begin with an experimental demonstration. As a 
source of sound, we shall use an audio-oscillator which generates 
pure tones (sine waves) whose intensity and frequency we can con- 
trol. We put our subject in a very quiet room. The oscillator drives 
an earphone which is fitted snugly over the listeners ear. We set 
the frequency control dial of the oscillator to 500 c.p.s. We turn the 
intensity control to a low setting. The subject, who has been in- 
structed to signal when he hears a tone, fails to react. We again 
present the tone with the intensity slightly increased. On the Ihird 
such presentation of the tone, the subject signals. 

We now begin a new series of presentations. The tone is first 
presented at an intensity well above the values used in the first 
series. The subject immediately responds. On successive presenta- 
tions of the tone, we decrease the intensity until the subject no’ 
longer responds. We repeat these two types of series several times 
and then average those intensities, at which the subject’s reaction 
changes (from no response to resnmbe and from response to no 
response) This average defines the absolute threshold of the sub- 
ject at 500 c.p.s. The method which we have used in obtaining the 
threshold is the method of minimal changes (or method of limits). 

This procedure is repeated at selected frequencies which range 
from the lowest frequency to which the subject will respond (about 
20 c.p.s.) to the highest (about 20,000 c.p.s.). When the thresholds 
thus obtained are plotted as a function of frequeiicy, the lower curve 
in Fig. 7 results. This curve is the sensitivity curve of the human ear. 

At each of the frequencies which we have previously used, we 
now mcrease the intensity of the tone until the subject reports that 
ne expenences tickle or pain. ^Vhen the averages of these intensities 
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are in turn “plotted as a function of frequency, the upper curve in 
Fig. 7 results: the curve of the threshold of feeling. 

The sensitivity airve of the car and the curve of the threshold of 
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Fjc. 7. The Sensitivity Curve of the Human Ear. The lower curve 
represents the sound pressures needed at the different frequencies to 
produce a just audible sound. The upper curve represents the sound 
pressures which result in a feeling of pressure or pain. The area delimited 
by these two curves is the auditory area. (From E. G. Bonng (ed.). 
Psychology for the armed services, IQ-IS, p. 102, by permission of 
Infantry Journal, Inc.) 


feeling form the boundaries of an area within which fall all the 
stimuli to normal hearing. This area is the auditonj area. 


DiQcTential Scnri/lcity io Frequency and Intensity 
Differential Sensitivity to frequency. Suppose we present our 
listener with a 500-cycle tone well above his absolute threshold. 
Half a second later, we present him with a 502-cycle tone at the 
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the frequencies of - "<■ — 
cent of judgments 
categories: higher 

categories of judgment are emploj'ed, it is customary to use 75 



Fic. 9. Variations of wilh Frequency, Sensation Level as a 
Parameter. This family of curves shows how the diFerenbal sensitivity to 
frequency varies with the frequency of the standard tone at s-arious sen- 
sation levels. The mimbers on the curves refer to sensation levels. (From 
E. C. Shower and It. Biddulph, Diflerential pitch sensitivity of the ear, 
/. Acous. Soc. Amer., 1931, 3.275, by permission of the journal and 
authors.) 

percent correct j'udgments as a basis for determining the differential 
threshold. In Fig. 8, the horizontal dotted line represents this 75 
percent level; the vertical dotted lines have, then, been dratvn to 
find the comparison stimuli corresponding to this percentage. 

We have now measured the differentia! threshold for frequency 
with a standard of 500 c.p.s. This value applies only to this fre- 
quency at the intensity which we have used. We are interested in 
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the functioflal relation between tlie value of the differential thresh! 
old and the frequency of the standard stimulus. Since the relation 
between the differential tlireshold and frequency also depends on 
the. intensity at which the- determinations are made, we need a 
family of curves to represent the relations involved. Fig. 9 shows 
such a family of curves. On the abscissa is plotted frequency in 
c.p.s. The ordinate represents values of Af/f, i-e., relative differential 
tirresholds. Each of the curves was obtained at a different intensity 
of the stimuli. Therefore, the plot represents Af/f as a function 

frequency with intensity as the parameter. A parameter is, of 
course, a variable which is held constant for a given series of deter- 
minations but varied from series to series. The plot illustrates the 
joint dependence of the differential threshold on frequency and 
intensity. 

Differential Sensitivity to Intensity. We may use the same 
experimental procedure that we described for the measurement 
of Af/f for the determination of A^/I- This time, of course, the 
method of constant stimulus differences is applied to intensity 
changes, and frequency is the parameter. This set of relationships is 
represented in Fig. 10. 


Attributes of Auditory Experience 


As we have seen, listeners are able to make consistent and reliable 
responses when instructed to judge tones as higher or lower and as 
louder or softer. The listener’s abihty to make consistent and reliable 
judgments with respect to these categories establishes the concepts 
of pitch and loudness. Just as frequency and intensity are dimen- 
sions of the physical stimulus, so pitch and loudness are dimen- 
sions of auditory experience. It is of utmost importance to keep in 
mind that pitch is not the same as frequency, and loudness not the 
same as intensity. Pitch and loudness are aspects of auditory experi- 
ence which are inferred from the subject’s responses to tonal stimu- 
lation. We shall now describe the principal functional relationslups 
between the physical dimensions of the stimulus and the attributes 
of auditory experience. 


Fitch as a Function of Frequency. Changes in pitch are 
largely though not exclusively, a function of frequency. In general, 
as the frequency of a tone is increased, the pitch rises. The rela- 
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llonship bchveco pitch and frequency may be determined in a 
number of ways. One particular function was obtained by rcquirintj 
subjects to adjust the frequency of a comparison. stimulus until it 
sounded just half as high in pitch as the standard stimulus. By 
selecting standard stimuli over the audible range, it ws then pos- 



4.01 

2.98 

2.16 

■ SI 
at 

i 

1.00 

It 


Fic. 10. A/// as a Function of Sensation Le>el with Frequency as a 
Parameter. This family of curves sbmvs how differential sensitiMfy to 
intensity depends on sensation level at different frequencies. The size of 
the differential threshold (Af) is plotted on the left and the size of the 
relative differenti.il threshold (A///) is plotted on the right. The num- 
bers on the curves refer to frequency- (Reproduced by permission from 
Hearing; its psychdogy and physiology by S S. Stevens and If. Davis, 
p. 138, published by John Wiley & Sons, Inc., 193S.) 


sible to determine the frequency steps required to obtain equal 
increments in pitch. The unit of pitch was obtained by arbitrarily 
calling the pilch of a 1000 c.p s. tone, 1000 mels. The pitch of a tone 
sounding just half as high would then be 500 mels. As the function 
in Fig. 11 shows, the frequency of a tone of 500 mels is not 500 c.p 
but is 400 c.p s. Clearly, the relationship is by no means linear; for 
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tjual increments in frequency, one does not obtain equal increments • 
Tlicrc is a striding plicnomenon whicb points up the fact that 



Fic. 11. The PitcJi Function. This cnri'c sliows how pitch, measured 
in suhjcclivc units (mels), grows witJi increases in frequency. Note that 
the relation between frequency and perceived pitch is not linear. (From 
S. S. Stevens and J. Volkniann, The relation of pitch to frequency: a 
rci'ised .scale, Amcr. /. Psychol., 1940, 53:336, by permission of tlie 
journal and the authors.) 


pitch is not rtio same as frequency. If a subject is required to match 
tlie pitcli of a tone heard in one car with the pitch of a tone heard 
a moment later in the other car, the pitch match may be achieved 
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even though there is a fair!)' )arge difference In frcquencj’ between 
the stimuli. This phenomenon is known as diplacusis. 

Pitdi as a Function of Intensity. Although the pitch of pure 
tones is a major function of frequency, investigators have found 
that It also varies to some extent with intensi^’. The pilch of low 
tones is especiall)’ affected by intensity. Tones of low frequency (less 
than about 500 c.p.s.) sound lower in pitch as they become louder. 
There has also been some Indication that tones of high frequency 
(more tlian about 3000 c.p.s,) sound higher in pitch as they become 
louder. The evidence for compIc.x tones (musical tones) is that 
they remain constant in pitch as intensity changes. 

Loudness as a Function of Intensity. Loudness is a major 
function of intensity. As the intensity of a tone is increased from its 
threshold value, the loudness, at first, increases only a little. As the 
Intensity is increased further, the loudness increases more and more- 
Fig. 12 shows loudness in subjecthe units (sones) plotted as a func- 
tion of intensity. The loudness function was obtained by the same 
expenmenla! procedure as the pitch function shown in Fig. 11. 

Loudness as a Function of Frequency. Loudness also varies 
to a considerable extent with frequency The sensitivity cur\e of 
the ear shows that for minimal audibility, different intensities are 
required at different frequencies In order to maintain a somewhat 
greater than minimal (threshold) loudness, different intensities are 
also required at different frequencies. In order to maintain a very 
high degree of loudness, however, the intensity may be held M'rlu- 
ally constant as frequency varies. Fig. 13 shows a set of equal- 
loudness contours. We obtain an equal-loudness contour when the 
intensity is adjusted at each frequency so as to maintain a constant 
level of loudness. Thus, when a 1000-cycIc tone has a sensation level 
of 40 db, a 100-c}’cle tone must be only 25 db above threshold, to 
sound equally loud. It may be noted, howe\er, that the physical 
intensity of the lOO-cjxIe tone roust be greater than that of a 
1000-cjxle tone. 

Other Attributes. Pure tones have attributes other than pitch 
and loudness. For example, the attribute of volume refers to the 
aspect of largeness or smallness of tones. Low tones and loud tones 
are large, while high tones and soft tones are small. Of course, 
musical tones and oilier complex tones har e many other psj eho* 
logical dimensions. 
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Although pitch is best defined by using pure tones as sHmuli, . 
sounds of considerable complexity still have a definite, characteristic 
pitch. The pitch of a violin note may be readily idenrified even 
though there are many ov'crtones in this stimulus. On the other 



SOUND PRESSURE LEVEL IN DECIBELS 

Fic, 12. The Loudness Function. The curve shows hov/ loudness 
measured in subjective imits (sones) grows with increases in sound 
pressure. 

hand, there are complex stimuli whose pitch is evasive. We may 
say that a thumping noise sounds lower in pitch than a sharp click, 
but we have difficulty in placing it with much success on the pitch 
scale. Noises have been called atonal as distinguished from musical 
tones which have tonality, i.e., distinct pitch. This atonality of 
noises is not surprising if we recall that a noise has many component 
frequendes which do not bear a simple numerical relation to 
each other. 
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The Dependence of Attributes on Both Frequency and In- 
tensity. The functional relationships behveen each attribute and 
the physical dimensions of the stimulus make it clear that no single 
attribute is uniquely determined ly a single physical dimension. 
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Fic. 13. Equal-Loudness Contours An equal-loudness contour is 
obtained when die intensity js adjusted at each frequency so as to main- 
tain 3 constant level of loudness. The contour marked 0 db is tJie sensi- 
tivity curve of the ear. The dotted curve refers to the threshold of feeling 
The other curves represent different loudness levels (Reproduced by 
permission from //coring Us psychology and p/iysiofogr/ by S. S. Stevens 
and H. Davis, p. 124, published by John Wiley & Sons, Inc., 1938.) 

Both loudness and pitch arc joint functions of frequency and 
intensity. 

Physiological Basis of Pitch ant) Loudkess 

The great sensitivity of the car to differences in fr^uency and 
intensity at once raises the question of the physiological basis of 
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Fig. 12. The Loudness Function. The curve shows how loud 
measured in subjective units (sones) grows with increases in sc 
pressure. 
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Both loudness and pitch are joint functions of frequency and 
intensity. 

Physiological Basis of Pitch anp Loud.vess 
The great sensitivity of the ear to differences in frequency and 
intensity at once raises the question of the physiological basis of 
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this remarkable discriminatory power. How do small changes in the 
auditory stimulus lead to differential response? What are the dimen- 
sions or modes of variation in the auditory nerve which provide the 
basis for correct discrimination? 

First let us' consider differential response to changes in frequency. 
It was once believed that the frequency of nerve impulses dupli- 
cated the frequency of the stimulating sound wave. Such an explana- 
tion became untenable when it was discovered that a nerve fiber 
cannot respond with anything near the highest audible frequencies. 
The refractory periods, both absolute and relative, prevent the fiber 
from responding more than a few hundred times per second. 

The alternative view, long held by many investigators, maintains 
that stimuli of different frequencies acHvate different regions of tlie 
basilar membrane in the inner ear, and thereby stimulate different 
nerve fibers. This place theory of pitch perception is supported by 
a considerable array of evidence from anatomical structure, patho- 
logical conditions, and electrical responses of the auditory system. 

One particularly conclusive experiment utilized the technique of 
isolating the response to tonal stimulation of a single nerve element. 
After placing microelectrodes upon a single element, the investiga- 
tors determined the absolute threshold of that element to auditory 
stimuli. They found that a given element had its minimum threshold 
for a particular frequency and that on both sides of this frequency, 
the thresholds rapidly increased. Furthermore, different elements 
have their minimal thresholds at different frequencies. The range 
over which a given element can respond is surprisingly restricted. 
The auditory areas of selected single nerve elements are shown in 
Fig. 14. 

We do not as yet know how the ear as a mechanical device can 
analyze the sound wave so that different regions of the basilar 
membrane are activated by different frequencies. It is quite prob- 
able, however, that frequency discrimination is mediated by the 
stimulation of different nerve fibers. 

Which fiber responds, then, seems to be the critical factor in the 
perception of pitch. But how are discriminations of intensity medi- 
ated? Research in neurophysiology has pointed to hvo mechanisms 
which probably .supplement each other in determining loudness. 
In the first place, as the intensity of the stimulus is increased, the 
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thresholds of more and more single fibers are reached. An intense 
stimulus throws more fibers into action than a weak one. This par- 
tirular explanation of loudness has been termed the multiple-fiber 
hypothesis. There Is also another way in which the nerve responds 
to an increase in the intensity of the stimulus, vi^,, by aq increase in 



Pio 14. The Senssijvity of Single Auditory Nerve Elements to Dif* 
(cient Frequencies of Sound. The intensities (in db) required for activa. 
lion of the single element at various frequencies are shown. Each element 
responds only over a limited, characteristic range of frequencies. The 
elements are identified by the frequencies to which they are most rejpon- 
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the frequency of impulses in eadi individual fiber. This view of 
sensory intensity is known as the frequency hypothesis. These two 
mechanisms— an increase in number of fibers e.scited and an increase 
in the frequency of impulses— undoubtedly work together. Each 
process by itself, or both together, serve to increase the total number 
ol impulses per unit of time in the nerv'c. It is this single variable, 
total number of impulses per uiuT time, upon which loudness 
depends. 
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this remarkable discriminatory power. How do small changes in the 
auditory stimulus lead to differential response? What are the dimen- 
sions or modes of variation in the auditory nerve which provide the 
basis for correct discrimination? 

First let us consider differential response to changes in frequency. 
It was once believed that the frequency of nerve impulses dupli- 
cated the frequency of the stimulating sound wave. Such an explana- 
tion became untenable when it was discovered that a nerve fiber 
cannot respond with anything near the highest audible frequencies. 
The refractory periods, both absolute and relative, prevent the fiber 
from responding more than a few hundred times per second. 

The alternative view, long held by many investigators, maintains 
that stimuli of different frequencies activate different regions of the 
basilar membrane in the inner ear, and thereby stimulate different 
nerve fibers. This place theory of pitch perception is supported by 
a considerable array of evidence from anatomical structure, patho- 
logical conditions, and electrical responses of the auditory system. 

One particularly conclusive experiment utilized the technique of 
isolating the response to tonal stimulation of a single nerve element. 
After placing microelectrodes upon a single element, the investiga- 
tors determined the absolute tlweshold of that element to auditory 
stimuli. They found that a given element had its minimum threshold 
for a particular frequency and that on both sides of this frequency, 
the thresholds rapidly increased. Furthermore, different elements 
have their minimal thresholds at different frequencies. The range 
o\'er which a given element can respond is surprisingly restricted. 
The auditory areas of selected single nerve elements are shown in 
Fig. 14. 

We do not as yet know how the ear as a mechanical device can 
analyze the sound wave so that different regions of the basilar 
membrane are activated by different frequencies. It is quite prob- 
able, however, that frequency discrimination is mediated by the 
stimulation of different ner\'e fibers. 

Which fiber responds, then, seems to be the critical factor in the 
perception of pitch. But how are discriminations of intensity medi- 
ated? Research in neurophysiology has pointed to two mechanisms 
which probably supplement each other in determining loudness. 
In the first place, as the intensity of the stimulus is increased, the 
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stimulus throws more fibers into action than a weak one. This par- 
ticular explanation of loudness has been termed the muUiplc^fibcr 
hypothesis. There is also another way in which the nwe responds 
to an increase in the intensity of the stimulus, vii., by a'o inclose in 
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the frequency of impulses in each individual fiber. This xnew of 
sensory intensity is known as the frequency hypothesis. These tivo 
mechanisms— an increase in number of fibers excited and an increase 
in the frequency of impulses— undoubtedly work together. Each 
process by itself, or both together, serve to increase the total number 
oi impulses per unit of time in the nerve. It is this single xariable, 
total number of impulses per unit time, upon which loudness 
depends. 
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Beats, Difference Tones, and asking 
In this section, we shall concern ourselves with the auditoi^r phe- 
nomctui resulting- from the stimulation of Urn car by two pure tones. 

Bca ts Let us take pure tones of equal intensity somewhat above 
the absolvitc threshold, one at 1200 c.p.s., the other at 1700 c.p.s. 
The subject reports that he hears two tones distinctly differing in 
pitch. Let us keep the lower tone fixed at 1200 c.p.s. but gradually 
decrease the frcqnenc)' of the higher one. When tlie trvo tones are 
about 150 c.p,s. apart, the subject still reports hearing two pitches 
but now dc.scribcs them as •rough.” M'hcn we further decrease the 
frequenev difference between the two tones to about 50 c.p.s., an 
intennittent scries of pulses i.s heard, and when the tones are about 
10 c,p.s. apart, a tone of a single pitch is heard svhich waxes and 
wmies in loudne.ss. It is this waxing and waning of loudness that is 
called heats. 

The rise and fall in loudness is due to tire continually changing 
plia.se relation between the two stimuli. The two stimuli are acting 
upon a aunmou region of the basilar membrane in the inner ear, 
which contains the reevptor cells for hearing. At one moment of 
time the two stimuli reinforce each otlrcr and tlnis make a more 
intense stiinnlns than either alone. .-Vt this time tlic loudness is 
maximal. As the phase-difference between the stimuli shifts, tliey 
come to cancel each other in tlieir effect on tlic basilar membrane. 
.\s a result, the percei\ cd loudness falls. 

There are two physical stimuli present, yet tlie subject hears only 
one pitch. Clearly, the capacity of tlie car to analyze tonal stimuli 
is limited. 

Diffei'cncc Tones. Let us return to our originiil stimuli; two 
pure tones of equal intensity, one at 1200 c.p.s., one at 1700 c.p.s. 
Tiicsc tones are first presented at an intensity just above the abso- 
lute threshold. The subject again reports two distinct pitches. We 
now increase the intensity of both tones to an equal extent: to, say, 
SO db sensation kwel. The subject now reports tliat he hears not 
only the two original tones but also a third tone whose pitdi matdies 
t lat 0 a o -c\ cle tone. This third tone is the difference tone. Its 

li* of a tone whose frequency is equal to 

le Cl eunce chceen the hvo primaiy stimuli. Difference tones 
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may be ascribed in part to the fact that as the stimuli arc trans* 
milted through the bony chain of the middle ear to the receptors 
in the inner ear, distortion of the stimulus pattern occurs. The ear 


1200 CYCLES 



Fic. 15. Masking. This fanuly of curves shows 
the extent to which a 1200-cycle tone at difierent 
sensation levels (parameters) masks tones of other 
frequencies. (From H. FlettJier, Speech and heanng, 

1929, p. 169, by permission of D. Van Nostrand 
Company, Inc., courtesy of Bell Telephone Labora- 
tories.) 

as a mechanical desnce does not convey the vibrations faithfully to 
the receptors. When rivo tones pass through such a distorting syz- 
tern, an additional tone is generated. It is this additional tone, 
present in the inner ear as a physical vibration, which is heard as 
the difference tone. Note that the mechanism which gives rise to 
difference tones is very different from that responsible for beats. 

Masking. Working with the same tw’O tones, we keep the 
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• side will arrive at the right ear first Thus, there is a difference in 
time of arrival depending on the side from which Ac sound comes. 
When Ae sound comes from Ae right Acre is also a difference in 
intensity in favor of the right ear. This difference'is.due to the fact 
that Ae head casts a sound shadoto which obstructs Ae propaga- 
tion of high, but not low, frequent^ components of Ae sound. 

Even if a pure tone is continuous, and of Ae same intensity in 
each ear, loc^ization is possible. There is still a difference in time of 
arrival at Ae two cars for each successive sound wave. In Ais case 
we speak of a difference in phase. 

It is on these differences among sounds of different location Aat 
localization principally depends. Considering Ae locab'on of Ae 
two ears, it is not surprising that localization is most accurate when 
we have to distinguish between right and left. Sounds originating 
directly in front of Ae listener are frequently confused wiA sounds 
which come from behind. In Ais case, Ae sound source is virtually 
equidistant from Ae two ears and Ae necessary differences are 
lacking. 

Of course, Ae listener’s ability to localize a sound also depends 
on how familiar he is wiA it. A loud fire siren must be close, a faint 
wail is judged as distant. Although Ae relation behveen distance 
and loudness is learned, Ae listener makes his judgment quickly 
and confidently. 

Auditory Fatigue 

Until recently, Ae ear has been considered to be virtually un- 
fatigable. Even after long exposure to sounds of ordinary intensity, 
Ae absolute sensitivity of Ae ear is little changed. In contrast to 
Ae eye, nose, tongue, and shn, whose sense organs continually 
undergo extensive adaptation, Ae ear maintains its sensitivity to a 
remarkable degree. This stability of Ae sensitivity of the ear is 
undoubtedly due to Ae mode of action of Ae auditory stimulus. 
The alternating pressures constitute a confanually changing stimulus 
to Ae auditory receptors. NeverAeless, as modem work has showm, 
Ae ear is subject to fatigue. TTus fabgue is not sufficiently marked 
to be of importance unless Ae ear is subjected to severe acoustic 
stresses. 

The most common intense stimuli Aat the ear has to tolerate are 
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die noises encountered in the presence of lugh-powered machinery, 
as in airplanes, or in the notoriously, loud boiler factories. When 
these noises are brought into the laboratory so tliat we can control 
the time of exposure and their intensity, dramatic decreases m sensi- 
tivity can be induced. Exposure in the laboratory has the advantage 
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FREOUENCY IN CPS 

Fig. 16. Changes in Auditory Sensitivity as a Result of Exposure to 
Intense Noise. Each of the curves represents an audiogram taken at a 
given time interval after exposure. (From J. P. Egan, unpublished data.) 

of making possible determinations of auditory sensitivity before as 
well as after exposure. 

There is an almost unlimited variety of noises that can be pro- 
duced by emphasizing the intensities of certain frequencies rather 
than others, but one particular noise is especially suitable for tlic 
investigation of auditory fatigue. All audible frequencies are pres- 
ent in this noise, and all of the frequencies are equally intense. Tliis 
noise has been called fJtcrinal noise because it may be generated 
from the thermal agitation of molecules in a resistor. It has also 
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been railed white noise by analogy In while sunlighl. which contains 
nil visible svave lengths in about the same amount Let us turn to 
some experiments on audiloiy fatigue in which tlie ear was exposed 
to this particular noise. 

To measure the effect of exposure to intense stimuli, we first 
determine in the quiet the sensitivity curve of the ear. Tlic car Is 
then exposed to a loud stimulus, say, a while noise whose overall 
intensity is greater than 100 db. Immediately following the exposure 
the sensitivity of the car is redetermined. The shifts in the absolute 
thresholds expressed in decibels are taken as measures of auditory' 
fatigue. The temporal course of recovery from fatigue can be traced 
by repeated determinations of the absolute threshold at various 
time intervals after exposure. 

Fig. 16 shows the amount of fatigue induced by exposure to a 
white noise (115 db overall). The horizontal zero line represents 
the normal sensitivity of the ear. The other curves define the tempo* 
rary hearing losses in decibels for wrious rest periods after exposure. 
Thect • • ’ ' ... r. • 
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the normal sensitivity curve, and there is complete recovery after 
about four days. Noteworthy is the fact that the hearing losses are 
most pronounced at high frequencies. Just why tlie ear is most 
Vulnerable in the region of high frequencies is not knowti. 

SpEEOr, Heaiunc, and Communicatio.v 

The experimental psychology of audib’on extends far beyond the 
study of pure tones. It is through the use of pure tones that we are 
best able to investigate the basic dimensions of auditory experience. 
But the sounds which are of greatest importance to us as individuals 
, and social beings are speech and music. Just like pure tones, speech 
and music are sound waves which impinge on the ear. But unlike 
pure tones, speech and music have come to convey to us an almost 
infinite variety of meanings and emotional experiences. It is not sur- 
prising, then, that the stimuli to such experiences are highly complex 
and continuously changing in time. In this section we shall be con- 
cerned with some of the relations which have proved of importance 
In communication and the perception of speech. 
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Speech as a Stimulus. Fig. 17 shows a picture of the acoustic 
w.avcs as they emanate from a talker as he says, “Joe took fathers 
shoe bench out.” (This sentence is part of a standard utterance fre- 
quently used in the measurement of speech.) This pattern shows 
the wavc-forni of speech as a stimulus. Clearly, this stimulus rapidly 
varie.s both in frequency and intensity characteristics. We c.annot 



Fic. 17. An O.scillogiapliic Picture of tlie Sound Waves Generated 
by a^ Speaker Prononueiug the Sentence, "Joe took father's shoe bench 
out.” (From J. C. H. Licklider, D. Bindra, and I. Pollack. The intelligibility 
of rectangular specrl waves, Amcr. /. rstjehoJ., 19-lS, 61:2, by penni-ssiou 
of the journal and authors.) 


tell by simple examination what it is about these speech w.aves that 
carries the intelligibility of a word, it is only by psychophysical 
analysis that we can relate characteristias of the speech stimulus to 
the perceived W’ord. 

Aiticulation Testing. Finsl of all, a quantitative measure of 
the intc’lligibility of .speech is required if w’e are to detcnninc the 
factors influencing it. Such a quantitative measure may be obtauted 
by simply counting the number ol discrete .speech units which a 
listcncj recognizes tmder specified conditions. A talker pronounces 
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selected speech units, and listeners record what they hear. Such a 
procedure is called an aritcuhtlon icsl. Let us no;r jllustrate some 
of the results which this procedure has provided. 



Fig. 18. Intelligibility of Speech m Quiet and in Noise. Tlie tunes 
show the percentage ot words correctly understood as a function of the 
intensity of received speech. The left-hand function was obtained in the 
quiet, the right-hand function in 120 db of masking noise. Tlie distance 
betsveen the two curves indicates the increases in the intensity of speech 
required to overcome the effects of masking noise. (NDIlC Research on 
Sound Control Report. Articulation Testing Methods II. 1 Novcmlwr 
1944, OSRD Report No 3802, courtesy of Psycho-Acoustic Laboratory. 
Harvard University.) 

Frequency Distortion. By means of articulation tests, it has 
been shown that many frequencj' components can be filtered out 
of speech without seriously interfenng with its intelligibility. The 
middle range of speecli frequenaes are the most important ones for 
intelligibilit)', and the lows and the highs may be missing without 
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rendering the words unintelligible. It is true that we occasionally 
cannot tell whether our telephone receiver has said "s” or T 
becau.se there is no transduction of the high frequency components 
bv this instrument In these cases, however, context may supply the 
meaning, and mahe up for what is lost by frequency’ distortion. 

Masking of Speech. The articulation test has also seived as 
a useful procedure in the evaluation of the effectiveness of different 
noises iii masldng speech. Me almost invariably listen to speech in 
the presence of noise. Most of the time these noises do not disturb 
us, and we usually have the time to repeat ourselves if we are not 
understood. Sometimes the noise is so intense that words are 
dro-ATied out, and the perception of speech is impossible. In misy 
vehicles, such as subways, airplanes, and tanlcs, communication is 
difficult indeed. If sve are to learn how to overcome the intense 
masldng noises, we must investigate the ways in which noise masks 
speecL Let us brieSy illustrate. The weaker the intensity' of a speech 
sound, the less likely it is to be understood correctly. Consider the 
left-hand curve of Fig. 18. This function shows that speech heard 
in the quiet and near the absolute threshold is quite unintelligible, 
but that as the intensib.- of the recei\'ed speech is increased, more 
and more of the words are understood. Moreover, this cun’e shows 
that after a certain medium intensib' has been reached, maximal 
intelligibilib- is obtained. .\t high intensities, there is a slight decline 
in the number of words understood. 

The right-hand cun e in Fig. 18 shows a similar function obtained 
v.dth the talker and the listeners in an intense ambient noise. The 
intensity of received speech at which words begin to be intelligible 
must now be greater by 60 db than it was in the quiet The threshold 
for hearing was greatly increased b\' the noise. Starting from the 
new base line, a function similar to that in the quiet is obtained. 
By malung the speech sounds loud enough, the effects of the mask- 
ing noise can be largely overcome. 

Special Problems of Control 
IN' Altjitorv Experiments 

How Quiet .Must the E.\perimental Room Be? Not ex-ery 
auditoiy experiment requires absolute silence. MTien earphones are 
worn and espedally when the test stimuli are well above the abso- 



/AUDITION 


77 

lute tlircshold,’ a certain amount of room noise can be tolerated. On 
tlje otl)cr hand, if the stimuli are weal' or at the absolute threshold, 
a soundproofed room provides the ideal conditions. The question 
that must always be asked is; flow much masking by extraneous 
stimuli can be tolerated without affecting the experimental results? 

Interruption of Test Tone. When the intensity of'a tone is 
decreased in order to determine the absolute threshold, it is im- 
portant that the tone be frequently interrupted. If the tone sounds 
continuously as the intensity decreases, it becomes difficult for the 
subject to maintain a sharp distinction between presence and ab- 
sence of tone. The need to interrupt the tone is not limited to meas- 
urements of the absolute threshold. In fact, in most auditory experi- 
ments, periodic interruptions of the tone help the subject to reestab- 
lish the criteria of judgment. 

Control of Clicks. A pure tone cannot be turned on abruptly 
without producing an audible did. Suppose the oscillator is set at 
1000 c.p s. ^Vhen the switch Is thrown and the electrical wave is 
applied to the earphone, the diaphragm vibrates in a complex man- 
ner and thus produces a complex sound wave which the ear hears 
as a click. Thereafter, the vibrations of the diaphragm follow tlie 
frequency of the oscillator. Similarly, when the tone is turned off, a 
click is produced. These clicks may interfere with the subject’s 
judgment. The harmful effect of clicks may be avoided by using a 
device which turns the tones on and off gradually rather than 
abruptly. If it takes about 02 seconds for a tone to reach its maxi- 
mum intensity, little or no click will be heard. 

Age of Subjects. In many psychological experiments in which 
adults are used as subjects, their ages are not, within xvide limits, 
of crucial significance. In auditory experiments, however, it is im- 
portant to pay careful attention to age in selecting subjects. As we 
grow older, our sensitivity to weak sounds decreases. This loss in 
sensitivity as a function of age is most marked for tones of high 
frequency. For example, at 8000 c.p.s . the threshold of a listener 
in his fifties is about 25 db higher than that of a twenty-j’car-old. It 
is for this reason tliat the ears of young subjects are used for the 
calibration of audiometers. Whenex-er the intensity of a tone is 
expressed in terms of sensation lex-el, the subject’s age becomes an 
important parameter. 
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of zero corresponds (o the absolute threshold of the normal car. The 
pc«lt^^•e numbers above zero indicate hearing loss in decibels, f.e., fimv 
many decibels above the average threshold a tone must be in order that 
the subject may hear it. The negative numben similarly indicate better 
than average sensitivity. Fig. 19 shows a picture of an audiometer in use. 

Procedure. It is essential that this experiment be performed in a 
quiet room. The subj'ecl is seated in such a position that he cannot see 
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FiC. 20. Audiograms Showing Different T>pes of Hearing Loss. A: 
Hearing loss for low frequencies and normal hearing for frequendes above 
1000 cycles. Note dip at very high frequencies. B: Same loss for low 
frequencies and increasing loss for higher frequencies. The doited curve 
represents total loss of hearing. (From E. G. Boring (ed.), Psifchology 
for the armed services, 1945, p. 103, by permission of Infantry Journal, 
Inc.) 

the operation of the audiometer and be is instructed to hold the receiver 
snugly to his ear. He Is provided with a push-button switch to signal 
whenever he hears a tone. The push-button switcli operates a signal lamp 
on the face of the audiometer. The experimenter turns the frequency dial 
to a given trequeney. It fa desitable to begin with an irtcrmcdiate ire- 
qomey say, 1000 c.p.s. The mtemity of ibe tone is ndiusicd to a value 
which the subject can easily hear, and then fa decreased until he (aits to 
respond. The process fa repeated throogh a smaller range-starung with a 
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Experiment III 
■ The Threshold of Hearing 

The sensitivity of the ear varies with tlie frequency of the stimulus 
tone as well as. -vvith the individual. Normal hearing consists of the ability 
to perceive 'a given tone at the sound-pressure level required by the 
so-called average subject. A loss in sensitivity usually means, therefore, 
that the subject requires a more intense stimulus than the average sub- 






Fig. 19. An Audiometer in IJse. 

ject if he is to hear a given tone. Losses in sensitivity often involve only a 
limited number of frequencies ratlter than the entire audible range. 

Purpose. To measure a subject’s sensitivity to pure tones as com- 
pmed with the norms established by measurements on normal, young 
adults. This experiment has great practical importance, since it is one of 
tlie standard procedures in the diagnosis of hearing defects. 

Apparatus. An audiometer is desirable for this experiment. An audi- 
ome er IS a e\ice or generating pure tones of various frequencies and 
intensities. The sensitivity of eaeh ear is measured separately by use of 
a single earphone connected to the audiometer. This instrument produces 
pure tones whose frequencies cover the important range of normal hear- 
ng. The intensity scale is so calibrated Uiat at each frequency a setting 
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•of 2 cro corresponds lo tlie absolute threshold of the normal car. Tlic 
jwsith'c numbers obove zero indicate hearing loss in decibels, i.e., }io\v 
many decibels above the average threshold a lone must be in order that 
the subject may hear it. The neg.'itivc numbers similarly indicate better 
than average sensitivity. Fig. 10 shosvs a picture of an audiometer in use. 

Procctiure. It is essential that this experiment be per^rmed In a 
quiet room. The subject is seated in such a position that he cannot see 
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Fic. 20. Audiograms Showing Different Types of Hearing Loss. A; 
Hearing loss for low frequencies and normal hearing for frequencies above 
1000 cycles. Note dip at very high frequencies. 0 Same loss for losv 
frequencies and increasing loss for higher frequencies. The dolled curve 
represents total loss of hearing. (From E. G. Poring (ed.)> Psychology 
for the armed services, 19-lS, p. 103, by permission of Infantry Journal, 
Jnc.) 


the operation of the audiometer and be is instructed to hold the receiver 
snugly to his ear. He is provided with a push-button switch to signal 
whenever he hears a tone. The push-button switch operates a signal lamp 
on the face of the audiometer. The experimenter turns the frequency dial 
to a given frequency* It is desirable to begin with an intermediate fre- 
quency, say, 1000 c-pj. The intensily of the tone is adjusted to a value 
which the subject can easily hear, and then is decreased undl he fails to 
respond. The process is repeated through a smaller range— starting widi a 


80 


EXPERIMENTAL PSrCHOLOGY 

smaller intensity and then decreasing it again until the subject no longer 
can hear the tone. Occasionally, the tone should be interrupted by means 
of a switch provided for that purpose. In this way we make sure that the 
subject signals only when he hears the tone. After several trials, the 
experimenter estimates as closely as possible the intensity above which 
the subject consistendy responds and below which he fails to respond. 
The procectee is repeated for each of the frequencies desired. Usually 
about nine frequencies ranging from 100 to 8000 c.p.s. are adequate for 
the purposes of the experiment. 

After the measurement of each threshold, the experimenter may enter 
the amount of hearing loss in decibels on an audiometric chart. The curve 
connecting the points on the chart is called an audiogram. An audiograni 
is reproduced in Fig. 20. 

Frequently a subject may have normal hearing over most of the aud- 
ible range but have a sharp dip over a restricted part of the audiogram as 
is shown in the figure. Such a restricted hearing loss usually occurs in 
the region of high frequencies. 

Experiment IV 
Masking 

Whereas Experiment III is concerned with a subject’s sensitivity in the 
quiet, this experiment shows the effect of a noise on the subject’s abso- 
lute threshold. The results of such experiments have practical significance 
since, in many situations, communication takes place in noisy surround- 
ings. For example, the navigator in an airplane must receive messages from 
the airport with the roar of the propeller in his ears. It is not that he is 
distracted by this noise, for he could overcome distraction by concen- 
trated effort. The sounds that are masked by tlie propeller do not func- 
tion as stimuli. As in the case of the navigator, most of the masking and 
masked stimuli in practical situations are highly complex. For purposes of 
experimental analysis, however, it is most useful to employ pure tones 
as the test stimuli. The general quantitative relationships established with 
pure tones have been successfully applied to situations in which complex 
stimuli, such as speech, are masked. 

Purpose. To measure the shift in the absolute threshold due to the 
presence of a masking noise. 

Apparatus. Two sources of sound are necessary: one, to generate 
pure tones; the other, to produce a masking noise. For the pure tones, an 
audio-oscillator is desirable. Also needed is a device for controUing the 
intensity of the output of the oscillator. An attenuator calibrated to read 
in decibels is most convenient. Either earphones or a loudspeaker may he 
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used to present die test tone. If an audio-oscillator is not available, an 
audiometer may be substituted. Tlie masking noise may be produced in 
various ways. An electrical source of noise is best since its Intcruity is 
readily controlled. However, any other device, such as a loud buzzer or a 
motor wth gear attachments, w’D do. 

Procedure. The experiment Is begun in a quiet room. Tlic subject’s 
absolute threshold Is determined at a given frequency, say, 1000 c.ps. 
Then the noise stimulus is turned on, and the subject’s threshold for the 
pure tone is again determined (masked threshold). The diiTcrcncc be- 
tween the masked threshold and the absolute threshold expressed in 
decibels is the amount of masking. This basic experimental procedure 
may be extended in two u'ays. If the experimenter can control the in- 
tensity of the masking noise, then he can determine llic amount of mask- 
ing as a function of the sound-pressure level or sensation level of the 
noise. Moreover, it is possible to change the frequency of the test tone 
and to determine masking as a function of frequency with a constant 
level of the masking noise. 

If the masking noise is not delivered directly to the earphones, a special 
problem of Jntcrprctjtion arises. To a certain etfenf, the earphortes 
insulate the subject's ear from a noise produced in the room. Under 
theso conditions, less masking will be found than if the noise fell directly 
on the unprotected ear Of course. If the lest tone is produced by a loud- 
speaker, this consideration does not arise. IVescntation of the test lone by 
loudspeaker, however, has a dtsad%'antage If the walls of the room have 
not been sound-treated, even slight movements of the head may aifcct 
the obtained threshold values. 
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SMELL AND TASTE 


TWO of our senses may weM be treated togetbcr: smell and taste 
both respond to chemical changes, and the specialircd receptors of 
tliese two sensory s)'stems are sometimes described as cliemorccep- 
tors. The common action of smell and taste is clearly brought out 
when we analyze tlic vs-a^s in which we perceive the flavor of food 
Although we speak of tasty or tasteless dishes, most of the flavor 
comes from olfactor)’ stimulation and not from the relatively im* 
poverished sense of taste. 

In this chapter we shall briefly summarize the principal psj'cho 
physical facts pertaining to these two senses. It should be said at 
the outset that the experimental p^chology of smell and taste lags 
far behind the exploration of the other major senses. The great 
advances made in the ps)-chophy$lcs of the other major senses stem 
from our ability to specify and control the dimensions of the stimu- 
lus with which the attributes of experience arc correlatetl In the 
case of smell and taste, the phjsical dimensions effective in stimu- 
lation have not been isolated. It is true that we know what the 
objects arc th.al are tasted and smelled, but vve cannot usually state 
what particular characteristics of the stimulus object sv’stematically 
determine variations in olfactory and gustator)’ experience. For this 
reason there is less to say about smell and taste than obout the other 
senses, and stable quantitative generalizations are rare 

Smell 

The Olfaciortj SlimiiUis 

Nature of the Olfactory StimulHS. Man sees when light waves 
strike his retina. lie hears when sound waves are transmitted to the 
inner car. As we have pointed out above, we cannot sjiecify a par- 
es 
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SMELL AND TASTE 


TWO of our senses may well be treated together; smell and taste 
both respond to chemical changes, and the specialized receptors of 
these two sensory systems are sometimes described as chemorccep- 
tors. The common action of smell and taste is clearly brought out 
when we analj’ze the ways in which we perceive the flavor of food. 
Although we speak of tasty or tasteless dishes, most of the flavor 
comes from olfactory stimulation and not from the relatively im- 
poverished sense of taste. 

In this chapter vve shall briefly summarize the principal fij-cho- 
physical facts pertaining to these two senses. It should be said at 
the outset that the experimental psychology of smell and taste lags 
far behind the c.xploration of the other major senses. Tlve great 
advances made in the psychophysics of the other major senses stem 
from our ability to specify and control the dimensions of the stimu- 
lus with which the attributes of expcncncc are correlated. In the 
case of smell and taste, the physical dimensions effective m stimu- 
lation have not been isolated. It is true that wc know what the 
objects .nre that are tasted and smelled, but wc cannot usually state 
what particular characteristics of the stimulus object sv-stcmatically 
determine vari.itions in olfactory and gustatory experience. For this 
reason there is less to say about smell and taste than about the other 
senses, and stable quantitative generalizations are rare. 

Smell 

The Olfacionj Sthntihis 

Nature of the Olfactor)' Stimulus. Man sees when light waves 
strike his retina. lie hears when sound waves are transmitted to the 
inner car. As we have pointed out above, vve cannot specify a par- 
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ticular class of stimulus events which are a necessary condition for 
smelling. We do know, however, that only contact wdth gaseous 
particles provides the adequate stimulation for the specialized smell 
receptors. These smell receptors are located in the olfactory mem- 
brane in the upper cavity of the nose. When we inhale, most of the 
air does not reach the olfactory membrane, and it is principally by 
eddy currents that the gaseous particles necessary for stimulation 
are carried to the receptors. SnifBng aids in this process. The fact 
that it is gaseous particles and not solutions which are the adequate 
stimuli for smell was first indicated in a classical experiment per- 
formed a long time ago. Tire investigator filled his nasal cavity wth 



Fig. 21. An Olfactometer Calibrated in Olfacties. The odorous sub- 
stance is placed on the inner surface of the outer tube. The farther out 
the inner tube is pulled, tire larger the amount of odorous substance 
exposed to air and hence the more intense the olfactory stimulus. (From 
W. J. Crorier, Chemoreception. In C. Murchison (ed.), A handbook of 
general experimental psychology, 1934, p. 999, by permission of Clark 
University Press. After Zwaardemaker, 1895.) 

eau de Cologne. He reported that under these conditions he could 
not smell this substance notorious for its odor. This conclusion was 
confirmed by later experimenters. 

Techniques of Stimulation. One of the difiRculties with which 
investigators of olfaction have had to contend is tire inaccessible 
location of the sense organ. It is very hard, indeed, to apply a 
knowir quantity of odorous substance to the receptor cells. Many 
methods of stimulation have been devised. We shall briefly discuss 
some of these. 

The best known stimulating device is the olfactometer, illustrated 
in Fig. 21. This instrument consists of two tubes, constructed so 
that one may slide over the other. The smaller of the two tubes 
tenninates in a nosepiece which is inserted into the nostril. On the 
inner surface of the larger tube is placed the odorous substance, 
for e.\ample, india nibber. By sliding out the smaller tube, the 
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stream of air is allouTtl to pass ox'cr a portion of the odorous sub* 
stance. Tlje farther out the smaller tube is pulled, the larger the 
portion of substance exposed to the current of air and, henct*, tfie 
number of particles ss'hicli presumably reach the sense organ. Wlien 
the outer tube covers tlic inner tube, there is presumably no stimu- 
lation. The distanct; by which the inner tube must be withdraum 
before the presence of an odor is detected is defined as an olfaciic. 
This distance, defining an olfactic, is then taken as the unit for 
measurement of the intensity of the odorous stimulus. Ulicn the 
inner tube is withdrawn tunce the threshold distance, we say that 
we have two olfacties. Thus, this method of stimulation allows a 
semi-quanlitalive specification of the stimulus. Tlic method is semi- 
quantitatise because it is not possible to control accurately the 
amount of air passing over the odorous substance every time the 
subject takes a sniff. Nevertheless, the olfactometer has been a use- 
ful instrument. It has been possible to adapt it to liquid stimulus 
substances by mixing the liquid with melted paraffin and then 
forming a rod from the mixture. In a variety of experimental situa- 
tions a double olfactometer is empIo)ed, one for each nostril In 
tills way different amounts of the same odorous substance ns well 
as different substances can be introduced separately into the nostrils. 

A method which allows greater control over the intensity of the 
stimulus is the blast inieciion test With this method, an odorous 
gas under a given, constant pressure can be injected into the nasal 
cavity at a umfomv rate. The subject holds his breath while the 
injection is made. When this method is employed, the smallest 
amount of air needed for the detection of an odor defines tlic abso- 
lute threshold. Of course, tlie air pressure and the concentration of 
the odorous substance must be speafied. 

The stimulus can be further controlled by making determinations 
in an odorless environment. A laboratory room has many sources of 
odor which arc difficult to control. For lliis reason, the camera 
inodorota was invented. This device merely consists of an enclosure 
with glass sides and aluminum top and bottom, with an adjustable 
opening through which the subject puts his head. 'Hie air in this 
box is deodorized with the aid of a mcrcur}'-vapor lamp. Determina- 
tions in the camera inodorata result in considerably lower thresholds 
than those made in the air of the room. 
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Several other techniques of stimulation have been employed, such" 
as sniffing from an open bottle, leading a tube from a stoppered 
bottle directly to the nose, etc. It is certainly true that control of 
stimulus intensity is neither standardized nor technically perfected. 

Another problem of stimulus control should be mentioned here. 
The threshold values may be influenced by the temperature of the 
substance used in stimulation. Since the threshold may var}' ap- 
preciably with the temperature, this factor should always be specified 
and taken into account in comparing experimental findings. 

Psychophysics of Olfaction 

Absolute Thresholds. Using one of the techm'ques of stimula- 
tion described above, the absolute thresholds for a large variety of 
odorous substances have been determined. It turns out that the 
olfactoty sj'stem is an extremely sensitive one and will detect 
astonishingly small concentrations of odorous substances. For ex- 
ample, the odor of vanillin, the fragrant constituent of vanilla, can 
be detected when its concentration is only 0.0000002 milligrams per 
cubic meter of air. Such a specification of the threshold is in terms of 
weight of the odorous substance per volume of air. Another W’ay to 
specify the absolute threshold is in terms of number of molecules of 
the odorous substance per cubic centimeter at threshold. Here are 
a fe^v representative values: 

ethyl alcohol 3 X 10'® 

benzene 4 X 10" 

cresol 5 X 10'® 

iodoform 4 X 10® 

These numbers, although large, still are e.xceedingly small in the 
frame of reference of molecular numbers. It must, moreover, be 
remembered that many of the molecules presented never reach 
the receptors. 

Differential Thresholds. Differential sensitivity to the inten- 
sity of odor can be determined by one of the usual psychophysical 
methods. The subject is required to discriminate which of two odors 
is the more intense. Subjects can make such discriminations, but 
differential sensitivity is quite poor as compared with some of the 
other sensory' s)’stems, such as proprioception and vision. An increase 




F/c. 22. The Temporal Course of Adaptation to an Olfactory Stimulus 
is Determined by the Specific Nature and the Intensity of the Stimulus. 
Each point represents determinations of the absolute threshold after 
varying lengths of exposure to the stimulus. (From W. J. Crosier, 
Chemoreception. In C. Murchison (ed.), A handbook of genenl cjperi’ 
mental psychology, 1034, p 1002. by permission of Clark Urdversity 
ftess. After Z%vaardcmakcr, 1S95.) 
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sense modalities, relative sensitixitj' to change increases as intensity' 
is increased. 

Adaptation. Sensitivit}' to odors also changes- as a function of 
the length of exposure to a stimulus. As in other sense modalities, 
continued stimulah’on leads to a decrease in sensitivity, i.e., there is 
adaptation. Olfactor}' adaptation may be complete in a matter of 
minutes. For exiimple, after 8 minutes of expo.sure to oil of lemon, 
the perception of tlie odor may have completely disappeared. If we 
are interested in tracing tiie course of adaptation in quantitative 
terms, we may do so by measuring tlie absolute tlireshold after 
-vars'ing lengtlis of exposure to the stimulus. Fig. 22 shows the 
results of sudi an investigation. These data indicate that the rate 
of adaptation is jointly determined by tlie spedfic nature of tire 
odorous substance and its intensity. 

Adaptation is not restricted to the specific odor of the adapting 
stimulus, but maj- increase tlie threshold for a number of otlier 
odorous stimuli. For example, adaptation to ammonium sulphide 
raises tlie threshold for tliat substance and for hydrogen sulphide, 
but not for etliereal oils. It was hoped tliat such selectivity of adap- 
tation might provide an avenue to the dassification of odorous 
substances. Unfortunately, tliis hope has not been realized. 

In the course of adaptation, tliere may be not only a decrease in 
sensitii'it)' but also a qualitatii-e change in the experience. Tliis 
modulation of odor is usually illustrated by pointing out that cheap 
perfumes smell agreeable at first, but gradually grow more and more 
disagreeable as stimulation continues. 

Qualities of Odor. It is easier to measure changes in sensi- 
tix'ity to odor than to arrix e at a dassifiaition of odor quahties. The 
x-ariety of odors to xvhich man is sensitive is immense. There are so 
many blends and nuances tliat it almost seems as though tliere are 
as many specific odors as there are substances that smell. Some of 
these odors resemble each other more than tliey do otliers. It is 
natural, then, that there has been a concerted effort to classify odors 
and reduce the manifold of experience of odor to a fexx' primary' 
categories from xx-hich the blends and nuances could be com- 
pounded. The ps)-cliologx' of odor has aimed at the same froal Uiat 
the ps>'chologx' of color has so successfully/acliieved. For ftere is a 
ridi diversity of color experiences, probablv no less variegated than 
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'ihe jnuJliplicaty 0 / odors, and yvt it is possible to specify a pirn 
color in terms of a few primary points of reference. The main 
itlempts to find similar points of reference for odors ha\c not boon 
too successful. The one scheme usually cited as the most acceptable 
is the smell prism, shown in Fig. 23. This sjTstem of classification 
assumes that there are six primary odors, and that any odor maf 
be classified as belonging to one of these six categories or as inter- 
mediate between them. Careful examination of Fig. 23 shows that 
the primaries are located at the comers of the prism: 
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Fjc. 23. A Scheme for the Clasriiicntion of 
Odors, ilenmng's Smell IVism. 

1 Spicy, cloves and cinnamon arc examples. 

2. Fragrant, the smell of many flowers, such as >’ioIets and 
geranium. 

3. Ethereal, Uie odor of many fruits, such os oranges and 
lemons. 

4. JJesinous, tlie odor of balsam and turpentine. 

5. Burned, of which the odor of tar is a good example. 

6. Putrid, the smell of rot and decay of organic matter, c.g., 

' as- 

All odors which do not fall into the primary' categories arc thought 
to be specific shadings and blends falling some^vherc behveen them. 
Tliev are localiacd along the edges and the outside surfaces of the 
smell prism. It was hoped It v.tnrld be possible to proceed from 
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A great deal of research l>ecn dexoted to the clienu'cal prop- 
erties of olfactoij- stimuli as a potcnlfal avenue to a bwful classi- 
fication of odors as well as to an understanding of Uie mode of 
action of the stimulus. This vvorh has been largely concerned vviili 
organic compounds which constitute the majority of odorous sub- 
stances. N’ovv and again, promising rclationslitps have emerged, sucIT^ 
as the fact that members of a homologous scries, c.g., the series of 
alcohols, tend to liave similar qualities of odor. In general, however, 
there hav e been too many o.tception$ to permit generalizations about 
tlie correlation betueen the chemical properties of the stimulus and 
the qualities of odor. 

Simultaneous Stimulation by Various Odors. When the sense 
organ is simultaneously stimulated by a number of odorous sub- 
stances, several effects may take place. First of all, there are the 
fusions, to vvhich we Iiave already referred. When two substances 
are sniffed together, an olfactory blend ma> be perceived. D) careful 
attention it may be possible to identify the presence of the two 
components. The more similar m odor the two components are, the 
more di/BcuIf it is to make this analysis. The qualitj- of the fusion 
may change with adaptation. If one of the substances shows more 
rapid adaptation than the other, the identification of the more slowly 
adapting stimulus is made easier. 

It sometimes happens that two odors in a mUturc weaken each 
otlier so that the resulting cxpencnce is Jess intense than in the pres- 
ence of cither substance alone Tins phenomenon is called compen- 
sation, and may be obtained roost readily when both stimuli are 
weak. Some investigators have claimed that with carefully selected 
sUmuh, presented at appropnate intensities, complete compensa- 
tion or neutralization ma)' occur, Ihc hvo odors canceling each other 
Out, as it were. Other experimenters have failed to confirm the 
occurrence of complete neutralization, and, in any event, this phe- 
nomenon is rare, flow different this jituation is from color mixture 
where cveiy’ hue has its complemcntai}*! 

Finally, there may be complete nwsk-ing of one odor by another. 
Practically any odor may mask another odor provided the intensity 
difference between -hem is large enough. The principle of masking 
Is extensively used to eliminate the unpleasant odors (the taste) 
of many medicines. Sometimes this takes a lot of doing as the fob 



90 experimental psychology' 

tip. The lowest absolute thresholds to sour are obtained on the 
sides of the tongue, whereas the lowest thresholds for saline are 
distributed over the tip and sides. Some groups of cells (papillae) 
have been isolated which’ give rise to only one taste quality. In other 
cases, two or more of the primary taste qualities may result from 
stimulation by the appropriate substances. 

^ The specific values of the absolute threshold also depend upon 
the duration of stimulus application. It is known that it takes a 
considerable amount of time for the stimulus to penetrate to the 
sensitive receptor cells. Even a supraliminal stimulus may take as 
long as 10 seconds to become fully effective. 

The physiological state of the organism may become an important 
factor in ^e absolute sensitivity to sapid substances. It is well estab- 
lished that organisms whose adrenal glands are diseased or removed 
suffer a serious salt deficiency. This increase in need for salt is 
accompanied by a marked increase in the absolute sensitivity to- 
salty stimuli. This increased sensitivity undoubtedly helps the ani- 
mal to select food substances necessary for its survival. 

Differential Thresholds. There are several reasons why dif- 
ferential sensitivity to the intensity of gustatory stimuli is hard to 
measure. If the experimenter wishes to present successively two 
stimuli for comparison, it is necessary to rinse tlie tongue, or the 
part stimulated, carefully between the application of the first and 
second stimulus. This necessary procedure makes it difficult to con- 
trol the time interval between the two stimuli, and also makes the 
subjects task more difficult. The experimenter has to contend with 
the adaptation to the stimuli which may ensue while the determina- 
tion is being made. It is not surprising, then, that the literature on 
this problem is not extensive. The work with saline solutions indi- 
cates, however, that the differential threshold with this stimulus is 
of the order of 25 percent for the solution yielding maximum sensi- 
tivity. Furthermore, the threshold values decrease as the concentra- 
tion of salt becomes greater. 

Adaptation. Continued application of a gustatory stimulus 
decreases the sensitivity to that stimulus, i.e., adaptation takes place. 
The temporal course of adaptation may be traced by stimulating 
the tongue for various periods of time with the adapting stimulus 
and determining the absolute threshold after each period. Fig. 25 
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shows that the threshold rises rapidly at first and. then, gradually. 
Also note tliat the greater the concentration of the adapting stimu* 
Jus, the greater the rise in tJie threshold. Tin’s set of data also $flo^^•s 
that after the removal of the adapting stimulus, sensitirit)' at first 
increases rapidly and then more slowdj’. 
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Fic. 23. The Temporal Course of Adaptation to 
Varying IntcnsUics of a Gustatory Stimulus (salt) 
and the Course of nccovcr>- of Sensitivity rollowinj? 

Itemoval of tlic Stimulus Each point represents 
absolute thresholds dcteimmed at the tvmc tnlcrkal 
indicated on the absassa (Reproduced by per* 
mission from Fotindalionx of pujchohcy by Boring. 

Langfcld, and Weld. p. 334. published bv John 
Wiley* Sons. Inc., 1948 After fiahn. 1934 ) 

An interesting question may be ashed about adjpljfioi) to gusti* 
tor)’ stimuli. If we ad.ipt to one type of stimulus, sa), a yvvct't one, 
docs the absolute sensitivity to another type of stimulus, say, a salty 
one, undergo any change? One answer to this question h.as been 
that adaptation to a sweet stimulus increases the absolute sensitivit)’ 
to a salty one. This change in the threshold for a s.ilty vtiimilus is in 
the opposite direction to that for a sweet test stimulus ( tlic ndaptinr 
stimulus). Unfortunately, the c\adencc to d.ite does not permit 
generalizations about such cross-effects m ad.iptation. 
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Closely related are tlie phenomena of successive contrast in taste. 
An orange tastes sour after sugar, but sweet after lemon. Successive 
contrast is an adaptation phenomenon measured welt above’ tlm 
absolute threshold. 

Qualities of Taste. In contrast to odors, taste qualibes are 
gather ‘readily described in terms of four primaries: s^veet, salty, 
sour, and bitter. The reader may object that tlie multiplicify of 
tastes- does not augur well for such a reduction. But much of tlie 
richness of tastes comes not from gustation but from olfaction. If the 
nostrils are stopped up, or when the sense of smell is dulled by a 
cold, our world of tastes shrinks appreciably. Under such conditions, 
for example, we experience difficulty in distinguishing among tlie 
various kinds of meat, and beverages lose much of their zest and 
flavor. In addition to smell, stimulation of tlie various cutaneous 
receptors located in tlie mouth also contribute to our appreciation 
of food. For these reasons it is necessary to control or take account 
of nongustatory stimulation in searching for the basic taste qualities. 

Although die mode of action of the stimuli is largely unknown, 
we do know, certainly better than in the case of smell, what types 
of stimuli give rise to tliese four primar)' qualities. The quality of 
sour is aroused by substances which contain acid ions. Thus, acetic 
acid makes vinegar sour, and citric acid is responsible for the sour- 
ness of lemons. The greater the concentration of acid ions, the more 
intense the sour taste tends to be. 

The adequate stimulus lor tlie pure quality of salt is sodium 
chloride ( table salt ) . Other salts, such as the chlorides of ammonium, 
potassium, and calcium also taste salty, but there is an admixture of 
other taste qualities. The nitrates and sulfates also are salty, and it 
is probably true that the salty taste is aroused by free anions. 

The specific chemistr)' of sweet and bitter stimuli is less well 
known. A large number of organic compounds, many of wliidi are 
not ionized in solution, elicit sweet tastes. Many carbohydrates, espe- 
cially sugar, taste sweet. Other compounds, such as saccharine, 
also do. 

The bitter as well as the sweet taste is aroused by a variety of 
organic impounds. The alkaloids are especially bitter. Alkaloids 
are not the only stimuli for bitter, as is showm by the bitterness of 
magnesium sulfate (Epsom salts). 

These four primary qualities are found in all kinds of blends and 



99 


SMELX *A*ND TASTE 

fusions in gustatory experience. As with smell, tlie fusions are more 
or less easily analyzed into componenlJ'qualitics, depending upon 
the latter’s degree of similarity. Further parallels to smell are com- 
perisalions and contrast among taste qualities. 

Physiolog/cal Basis of Taste Qualities. Forcach of the sense 
modalities, investigators have long sought to discover specialized re%, 
ceptors and their associated nerves responsible for the primaij- quali- 
ties of experience. The search has been moderately successful in 
most of the sensory systems. As far ns gustation is concerned, the 
evidence is increasingly clear for the existence of separate receptors 
and nerve fibers for the taste qualities. 

An invaluable technique in the investigation of this general prob- 
lem is the isolation of single ncr\'e fibers, and the recording of the 
impulses that pass along them. To isolate a single nerve fiber from 
a strand of nerve is a delicate operation, indeed, and the impukes 
must be lUghly amplified before they may be recorded. These tech- 
niques, rather recently perfected, have contributed greatly to our 
understanding of die physiology of the gustatoiy qualities. 

In one outsbnding investigation,* electrodes were placed on single 
fibers of the gustatory nerve of a cat The animaPs tongue was then 
stimulated by the four stimub that correspond to tlie four primary 
qualities in man: sugar, quinine, salt, and acid. The nen.’e impulses 
recorded from single fibers conclusively demonstrated specialization 
among the receptors. Saline stimuli were found to actii-alc only cer- 
tain of the nerv'c fibers. Stimulation with quinine elicited impulses 
in other fibers. Add also stimulated its own fibers, but, in addition, 
this stimulus activated the other two types as well. Hardl) any 
impulses were detected when sugar was applied to the tongue. Al- 
though these relations are not as simple as we might hope, the)’ 
establish, nevertheless, the fact that separate systems of fibers are 
present. It is the pattern of activity in tliese separate s)slcms that 
provides the basis for differential response from one t)’pe of stimulus 
to another. 

The following c.tperimcnt* may be cited to illustrate the ways in 
which tlie ph)’siological basis of quality may be inferred from pty- 

* Pfaffman, C., Gustatory afferent Impulses, J. CcU 6- Comp. Thymol., IWl. 

AU^ruF.. and Weinberg, The gustatory sensory reflex, ^uaft. /. tiptr- 
Physiol, 1925. i5:385-42a 
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rapid enough laies for hsioa fn the gmtatory s>-steni. clcctrica 
stimulation had to be cmploj'od. This procedure was carried out a: 
a number of different voltage Ie\-e!s. \\'hcr> was plotted againr 
voltage level, it appeared not only that the ^sion frequence' de- 
creased with voltage level, but also that die points clearly fell aloQt 
four separate functions. The problem of identification of these funS 
tions remained. Since electrical stimulation gives rise to a sour taste, 
the function with the largest number of points was believed to rep. 
resent the fusion frequencies for the sour receptors. The investi. 
gators then applied a drug to the tongue which Is hiosvn to efimf. 
nate the taste for sw'eet and weaken Ac taste for bitter. WTicn the 
fusion frequencies were again determined under this condition of 
partial taste anesthesia, only three funct/ons were ohfained, one of 
which showed only few points. The curs-e for ssveei must hase been 
absent, and the short curve represented bitter. In this manner all 
/our cunvs were /dent/fied. K/g. Sd shotis the four cun-os which are 
interpreted as presumptive evidence for four distinct Idnds of 
sensory systems (note that the redprocol of c.fi. is plotted rather 
than c././.). 

We have reported this experiment in some detail because we feel 
that it is an excellent example of what can be achieved by ana!)iic 
sensory research. In essence, these investigators combing sesera] 
different techniques and types of data in arriving at a general, the- 
oretical conclusion. 

Twe Co.mmon Chemical Sense 

We have already seen how taste and smell cooperate In the per- 
ception of food. There is, in addib'on, a third sensory system whose 
function is often closely assodalcd wth taste and smell, ^\'hen we 
drink carbonated \vater, we experience a pricUy feeling in the 
mouth. On/on and pepper have a sharp or irritating qualit)'. These 
experiences are due in large measure to the common chemical sense. 

Over the surface of the mouth and throat, on the tongue and in 
the nasal cavity, and in other parts of the body cm-cred with a 
mucous membrane, there is a large number of free nen-e endings 
which are sensitive to chemical irritants. It is this nerivork of fiw 
nerve endings responsive to diemical fmtants which makes up the 
common chemical sense. » , u 

The common chemical sense rc^nds to a s-arict>' of stirnuu. 
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MAN’S acquaintance wth ihe world in which he lives depends to a 
considerable extent on his sense of sight. Onentation in space, dts* 
crimination and manipulation of colors, forms, and objects— all these 
and many other activities are critically dependent on the proper 
functioning of the visual system Ilesponses to \isual stimuli are 
closely integrated and coordinated with other response mechanisms 
such as the auditory, static, and motor systems ol the organism. In 
this chapter we shall examine the basic visual functions, tlie proper- 
ties of visual stimuli and their measurement, the characteristics of 
visual experience and discrimination. A thorough analysis of these 
basic functions is indispensable for an understanding of man’s rich 
and varied visual experience and of the role it plays in behavior. 

The Visual Stimulus 

Radiant Energy. Visual experience depends upon the stimula- 
tion of the sensitive receptors of the eye by radiant energ)*. Although 
the physicist’s conception of the nature of radiant energ)' has under- 
gone many changes in recent years, wc may still think for our pur- 
poses of radiant energy as wave motion wth rivo basic dimensions: 
wave length and intensity. 

^Vave Lengtii. The wave lengths of electromagnetic motion ex- 
tend over an enormous range. Some of them are e.xccedingly short 
and to speak conveniently about them, a special unit of mcasure- 
ment-the millimicron (mpl—is employed. A micron is one-millionth 
of a meter, and a millimicron is a thousandth of a micron. Wa\-e 
lengths of radiant energy as short as I/IOOO of a millimicron and as 
long as 400 billion millimicrons are kno«*n to exist. Along this con- 
tinuum of waves, visible radiation, or fight, forms an extremely nar- 
lOS 
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MAN’S acquaintance the world in which he Ih’cs depends to a 
considerable extent on his seme of sight Orientation in space, dis* 
crimination and manipulation of colors, forms, and objccts~all these 
and many other activities are critically dependent on the proper 
functioning of the visual system. Responses to visual stimuli arc 
closely integrated and coordinated with other response medunisms 
such as the auditory, static, and motor s^’stems of the organism. In 
this chapter we shall examine the basic visual functions, U)c proper- 
ties of visual stimuli and their measurement, the characteristics of 
visual experience and discrimination. A thorough analysis of these 
basic functions is indispensable for an understanding of man’s rich 
and varied visual experience and of the role it plays in behavior. 

The Visual Stimulus 

Radiant Energy. Visual experience depends upon the stimula- 
tion of the sensitive receptors of the eye by radiant energy. Although 
the physicist’s conception of the nature of radiant energy has under- 
gone many changes in recent years, we may still think for our pur- 
poses of radiant energy as wave motion with two basic dimensions: 
wave length and intensity. 

'fVavc Length. The wave lengths of electromagnetic motion ex- 
tend over an enormous range. Some of them are exceedingly short 
and to speak conveniently about (hem, a special unit of measure- 
ment-the millimicron (mp)— is employed. A micron is one-millionlh 
of a meter, and a millimicron Is a thousandth of a micron lYave 
lengths of radiant energy as short as 1/1000 of a millimicron and as 
long as 400 billion millimicrons arc known to exist. Along this con- 
tinuum of tvaves, visible radiation, or light, forms an extremely nar- 
105 
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row band. This visible spectrum extends from about 400 to about 760 
millimicrons.! . ‘ • 

Intensity. The intensity of an electromagnetic wave can, of 
course, be measured in strictly physical terms. The intensity of light 
was, however, originally measured in terms of its effect on the human 
..--S^and only later did physicists specify the intensity of light in 
strictly physical terms, such as ergs or watts. As a result, two ^sterns 
of measuring the intensity of light have come into practice, and 
these must be carefully distinguished; the physical or radiometric 
and the psychophysical or photometric units. Physical measurement 
is made by light-sensitive instruments, independently of the response 
of the eye to light, and results in such units as ergs or watts. Photo- 
metric measures, on the other hand, are based on the judgments of 
human observers under standardized conditions. The photometric 
measures are known as units of brightness. 

The photometric units of brightness are defined in reference to 
the following idealized standard conditions. A source of light, known 
as the standard candle, is placed at the center of a sphere, the radius 
of which is 1 meter. It is assumed that this sphere diffuses all of the 
light which it receives from the candle at the center. The sphere is 
illuminated from the inside and the meter-candle is the unit of 
illumination under these conditions. The total amount of light fall- 
ing on 1 square meter of the total surface of the sphere is called a 
lumen. Now let us consider the light diffused into the space beyond 
the sphere by 1 square meter. Since the sphere transmits all the light 
it receives, the brightness of the sphere as viewed from the outside 
is 1 lumen per square meter. It would have been possible to use 
lumen per square meter as a unit of brightness. However, it would 
be too small for convenience, and a unit ten times as large is typically 
used. This more convenient unit of brightness is called the milUlam- 
bert A millilambert, then, is the brightness of a perfectly diffusing 
sphere, with 1 meter radius and 10 standard candles at its center 
Other sources of light of unknown intensity can be calibrated by 
matching them in brightness to the standard sphere The device 
usually employed for this purpose is called the photometer. 


1 As ordinarily riewed, the spectrum extends to about 760 mp. Recent de- 
terminations have shown that wave lengths as long as about 1000 mu can be 
seen if the energy is made great enough. 
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A convenient instrument for maL'ing a pliotomctric match is thr 
Macbeth illumlnomcter In tliis illuminomcter, tlie surface whos< 
brightness is to be measured appears &s a drcle surrounded by ar 
illuminated surface which forms a ring around this circle. Tlic 
brightness of this annular ring can be adjusted until the boundar}' 
between the circle and the rmg can no longer be discrinvn'oHH 
Since the brightness of the annular ring is knov.ii, the %a!ue of the 
lest surface can then be specified. TTie annular ring used for the 
brightness matches is white. Sometimes it is nceessarj' to determine 
the brightness of a colored surface. It is not then possible to make 
the boundary between circle and nng disappear completely. For 
this kind of match, called heterochromniic photometrj', it is neccs- 
sar)’ tlial the observer make his judgment disregarding the difference 
in hue as well as he can. 

In the study of visual processes, we would ideally want to measure 
the intensit)’ of the liglit as it stnUcs the retina. If the pupil of the 
eye never varied in size, the photometne briglitness of a given 
surface would be directly relat^ to the intensity of the light Im* 
pinging on tlie receptor cells of the retina. The size of the pupil, 
however, varies with the intensity of tlie light. In order to take the 
size of the pupil into account, a unit called the photon is frequently 
used. When the brightness of a surface is one-lcnlh of a miDilambcrt 
and the effective pupillar}- area is one square millimeter, the value 
of the stimulus is one photon. 

Homogeneous and Heterogeneous Light. Most visual stimvili 
consist of many different wave lengths of light. Tlic) arc hctcro- 
g,cncous with respect to wave length. By jessing a beam of heteroge- 
neous light through a prism, it is possible to break it up info its 
components, i.e., into homogeneous w-avc Icngtlis. These homogene- 
ous wave lengths are used to investigate the laws of stimulus mixture 

Tire: Dimensions of Color 

The Attributes of Color. The psycliophysics oi color is con- 
cerned with the establishment of relations between the physical 
characteristics of the stimulus and the attributes of visual experi- 
ence. One of the most fundamental distinctions which we can make 
in studying the properties of color is that between chrotnatic and 
achromatic colon. The chromaUc colors arc the rainbow colors- the 



20S EXPERIMENTAL PSYCHOLOGY 

reds, tlhe yellows, the greens, and blues, and the whole manifold of 
colors which shade into each other, from the reddest red to fte 
bluest blue. This mode of variation of colors defines the dimension 

of hue. 



Fig, 27. The Psychological Color 
Solid. The vertical axis represents the 
dimension of brilliance, the circum- 
ference represents hue, and the lateral 
distance from the vertical axis, satura- 
tion. (From L. T. Troland, Principles 
of psychophysiology, Vol. 1., 1930, p. 
251, by permission of D. Van Nos- 
trand Company, Inc.) 



The achromatic colors comprise the series from the blackest 
black through the grays to the whitest white. This series from black 
to white parallels the dimension of visual experience called brilliance. 
These two dimensions, hue and brilliance, are not sufficient for a 
complete description of the properties of color. Let us look at a red 
surface. It may be full and rich in redness or it may be only slightly 
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tinted >vith red. yet in both eases \ve describe it as red. Any hue car 
thus vary in soforot/onfSaturation of a chroinatic color refers to th( 
difference between it and an achromatic color of the same brilliance 

It is necessary’, then, to spedfy three dimensions of variation- 
hue, brilliance, and saturation-for the full description of the prTIJ?j> 
tics of a color. It is helpful in the description of color to think ol 
those three dimensions as arranged in the fonn of a solid figure. 
Such a color sohd is shown in Fig. 27. The vertical axis Ttprcscnls 
the dimension of brilliance. The circumference of the solid repre- 
sents hue, and the lateral distance from the vertical axis indicates 
degree of saturation. As the dotted lines in Fig. 27 indicate, dark 
and brilliant colors have a smaller range of saturation than those 
intermediate in hriltiancc- It is possible to ascribe a location in this 
solid to any given color. 

Having defined the physical diaractoristics of the visual stimulus 
and the attributes of colors, our next task is to examine the func- 
tional relationships between them. Variations in any one of the three 
attributes of color are a joint function of both the wave length and 
the int(fnsity of the stimulus. 

Hue and Wave Length 

We remember that the vfsjble spectrum extends from about -lOO 
to about 760 millimicrons. With intensity held constant at a medium 
level, variations in wave length ovTr the visible range lead to clianges 
in hue, covering the whole gamut of colors from violet to red. Con- 
tinuous variation in wave lengths generates tlie rich manifold of 
spectral colors. This spectrum is produced when a prism breaks 
dou-n heterogeneous light into its component homogeneous wave 
lengths. The long wave lengths correspond to reddish hues. As the 
wave lengths become shorter, the colors pass through oranges to 
yellow (575 m\i). As the wave lengths become even shorter, the 
yellows become more greenish and, finallj’, a dear green appears at 
about 505 mji. As we approach yellow from the long wave lengllu, 
the reddish aspect of the hues becomes less prominent and as wc 
pass yellow, the greenish aspect becomes more noticeable. Since 
yellow sharply divides the reds from the greens, it is considered a 
primary color. In a similar way. as we further shorten the wave 
length beyond a dear green, the yellow tint disappears and the 
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Fig. 28. The Color Circle. The spectral colors 
are represented by the solid part of the circumfer- 
ence, the dotted part stands for colors which can be 
obtained by mixing spectral lights. 

The very short wave lengths (beyond 480 mp) are seen as violet. 
The violets take on a slight reddish aspect. Thus, the spectrum 
nearly completes a circle from an orange-like red around to a slightly 
reddish blue. The circle, however, is not complete. It is represented 
by the solid part of the circumference in Fig. 28, The circle may be 
completed by proper mixtures of long and short wave lengths yield- 
ing the purples and a primaiy red (dotted part of Fig. 28). It is 
this circle which also appears as the circumference of the color 
solid in Fig. 27. 




Hue and Intensity 

Hue fs also a function of the intensit}' of the stimulus. As intensity 
is decreased, the spectrum becomes less and less saturated, i c , the 
hues become less and Jess pronounced. At Jo»v intensities the 
trum becomes achromatic, and there is no differentiation of wa»-e 
lengths witli respect to hue. Such weak lights are sisible c\cn 
though hue is absent. For a given homogeneous wave length, this 
interval between the absolute threshold of visibility and the first 
appearance of hue is the photochromotlc interval Tlie photo- 
chromatic interval is very small or zero for the very long wave 
lengths (above about 665 mjt). The photochromatic interval can 
best be demonstrated by stimulating the peripheral part of the 
retina. The rods, which predominate over the cones in the periphery, 
have a much lower thresliold than the cones and do not function in 
chromatic vision- 

Even when the intensity is high enough to produce a spectrum 
of hues, hue still vanes \Wth intensity. This change may be investi- 
gated by requiring a subject to matcli, with respect to hue, two 
lights which differ in intensity. Tlie wave length of one of the lights 
Is kept constant, and the subjoct varies the wave length of the other. 
The results of such an experiment appear in fig. 29. For any given 
match, the standard stimulus had a fixed wave length and a Bxi'yI 
intensity. The comparison or variable stimulus Jiad anoUier intensity, 
and the subject adjusted its wave length until its hue matched th.it 
of the standard. Tlie differences in wave length between standard 
and variable required for a hue maldi ore plotted in Fig. 29 As the 
figure shows, no adjustment of wave length was required for the 
three primaries, blue, green and yellow. Hue is invanant with in- 
tensity at these points. For other wave lengths, however, the hue 
shifts with an increase in intensity. As the arrows indicate, tliesc 
shifts are in the direction of blue and yellow as the intensity in- 
creases. A violet at, say, 450 mu, appears more blue as the intensity 
is increased. Similarly, a greenish blue takes ou more of a blue tint 
with increased intensity. At the other end of the spectrum, an orange 
becomes more yellow as docs a greenish yellow This change m liue 
as a function of intensity is known as tiie BetMid-Brucke pftctiam- 
enon. Although the phenomenon is cxpenmentallv established, the 
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rillim of intensity 'resulls in a smalicr number of iiul noUceablc 
fliffercnccs of bnlliance than in the middle or upper part of the 
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Fic. 30. Brilliance <u a Function of the Intensity 
of the Stimulus. This cur>’e shms-s how brilliance 
gro\v’s with the logarithm of stimulus intensity. The 
bnlliance scale was obtained by summation of just 
noticeable diflerences in brilliance above the abso- 
lute threshold. (From L. T. Troland, Pnnc/ples of 
piycliop/ji/fl'ology, Vol //, 1930, p. 77, by permission 
of D. Van Nostrand Company, Inc.) 

The function shown in Fig. 31 was obtained by determining the 
differential threshold for intensity at successive levels of intensity- 
At any level of intensity the differentia! threshold may be expressed 
relative to the intensity at which the threshold is determined, i.c.. 
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ac AI/J MTien AI/I is plotted as a function of tie logaii&m of 
the function in Hg. 31 is obtained. As was tod for A J/I 
in tbe discrimination of auditor}^ intensit)-, the curve drops rapifiy 
and then levels off over a wide range of intensity. In the middle 
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Fig. si. AVI as a Functioa of Intensity. This 
cnn'e shows how relath’e differential sensithitj' to 
the intensit}' of the \isual stiinnlus varies with the 
logarithm of the intensitj’ of the stiinulus. At any 
gh’en Ie%'el, the differential threshold is esoressed 
rekth'e to the intensity at which the detemiination 
is made, ie., in terms of AI/I. (From L. T. Troland, 
Principles of psychophysiology, Vol II, 1930 , p. 78 , 
by permission of D. Van Kostiand Companj^ Ina) 


Brilliance and Wave Length; Visibility Cuwes 

Britoce varies as a function of wave lengtL ^en the amount 
of radiant energy is held constant, different wave lengths do not 
produce the same amount of brilliance. The dependence of brilKance 
on wave lengdi is usually shovni by determining the relafe-e amounts 
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of'encrgy required for different wa\-e lengths of light (o es-oke con- 
stant bnlliance. 

A white light of fixed Intensity (and hrlllbnce) Is used as a 
standard. The subject adjusts the Intensity of a numWr of stimuli of 
different wave lengths until each mattbes the standard in brflj^asc 
(heterochromatic photometry). The wave lengths of the homogen^ 
ous stimuli are selected so as to cover the range of the visible spec- 
trum. Different energy values are required for the various wave 
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Fig. 32. Visibility (luminosity) Curves for Dim-Light and Bright- 
Light Vision. (By pciroission from Recent experiments in psychology by 
L. W. Crafts, et ai, p. 139, cop)Tighted 1938, McCraw-lIiU Book Co., 
Inc.) 

lengths to match the brilliance of the standard. If wc compute the 
teciprocak of the energy vafues, we obtain a measure of the relative 
visibility of the different stimuli. Another procedure calls for the 
determination of the absolute thresholds (minimum energy requited 
for detection) svith stimuli of different wave lengths. Again, the 
redprocal of the energy required for detection is a measure of rcb- 
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tive visibility. To express the results of the two procedures along £ 
common scale, values of .yisil?ili^ are expressed relative to the mosl 
visible stimulus. The visibility .value of the most visible stimulus, 
then, is 1.0, and the other, stimuli arc designated by fractions less 
th^^^.Q. ‘ ■ 

■^Thc visibility values obtained by these procedures are shown in 
Fig. 32.. T<Vq distinct curves result; one of them obtained from 
matches with a bright light (bright-light vision), and the other 
from the relative values of absolute sensitivity (dim-light vision). 
The visibility curve for bright-light vision is called the photopic 
curve; that for dim-light vision is called the scolopic curve. 

The relation of visibility to wave length is affected importantly by 
the level of illumination. In bright-light vision, maximum visibility 
occurs at about 555 mp. At very weak levels of stimulation, the 
point of maximum sensitivity shifts toward the short end of the 
spectrum and occurs at about 511 mp. Under dim-light conditions, 
the whole visibility curve is displaced toward the short end; relative 
sensitivity to short wave lengths increases while relative sensitivity 
to the long wave lengths decreases.'' 

The difference between the iwo curves is due to the fact that it is 
the cones which principally function in bright-light vision, and the 
rods in dim-light vision. These two types of receptors differ in their 
relative sensitivity to stimuli of different wave lengths. The relative 
sensitivity of the cones is responsible for the photopic cm-ve; the 
relative sensitivity of the rods determines the scotopic curve. One bit 
of evidence for the latter statement is that with different intensities 
of light, the shift in sensitivity docs not occur when the stimulus is 
restricted to the fovea (or rod-free area). Furthermore, in the case 
of certain animals, which possess predominantly rods and few cones, 
the shift docs not occur. 

Impressive support for this explanation of the differences bchveen 
photopic and scotopic curves comes from the photochemistiy of the 
retina. A chemical substance called rhoehpsin can be extracted from 
the rods but not fiom the cones. The substance absorbs light and is 
thereby biokcn down. The rate of absorption depends on the wave 
length of the radiation. It has been found that the absorption curve 

STIiis shift in relative sensitivity is often caiicd tlic Purkinie efferr 
physiologist wlio first discovered it. 
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of rhpdopsin £5 almost the same as. the scolopfc visibility cursr. 
Fig; 33 demonstrates the close cormpondence of the scotopic curve 
and the absorption curve of rhodopsin. “nie photochemistry of the 
action of the cones is still largely unknowu. • 



SaturaiionandWave Length . 

The different wave lengths of the spectrum are hot equally sat- 
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Fic. 33. Correspondence of the Scotopic Visibility Curve and the 
Absorption Curve of Ithodopsin (drdes). (From S. Hecht, S. Shber 
and M. H. Puenne, Energy, quanta, and vision, J. Cen. fhysiol., 1042, 
23:831. by permission of the /oumol and outhon.) 
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In one experiment this distance w'as measured in terms of the 
number of Just noticeable differences in saturation between the 
spectral color and while. Changes in saturation were obtained by 
adding varying amounts of white h^t to the homogeneous spectral 
color. A scale of saturation was constructed by determining the 
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of intensity, reaches a maximum in the middle range of intensities, 
and ^eri declines as the intensities become very high- For each wave 
length there is a different intensity >ielding maximum saturaUon. 
A highly saturated color reaches maximum saturation at a lower in- 
tensity than a less saturated color. 

Stimulus MorunE 

Twt>0>mponent ftfixture. The hues of the spectrum may be 
obtained by oassing a beam of white light through a prism and 
breaking it up (by refraction) into its component wave lengths. 
This is not the only way, however, in which the hues of the spectrum 
may be obtained. They may also be produced by mixing homogene- 
ous rays of light. For example, a homogeneous red light mixed with 
a homogeneous yellow light is seen as orange which matches a 
spectral orange. We may note from this example that the hue of the 
mixture lies on the color circle between those of the two homogene- 
ous components. The mixture will, moreover, be less saturated than 
the more saturated of the components. 

Let us keep the wave length of the red component fixed and >*3^ 
that of the yellow component tmvard green. As we do so, the hue of 
the mixture moves from orange toward yellow and becomes less and 
less saturated. If w*c further change (he wave length of our variable 
component a little toward blue, the mixture becomes achromatic 
(gray). The homogeneous red and homogeneous bluish green are 
said to be compIen}entarics. The existence of complerncnlaries could 
also have been demonstrated by choosing as our components yellow 
and blue, yellow-green and violet, or, indeed, any tsvo components 
which lie opposite each other on the color circle. From a great deal 
of experimental work on stimulus mixture, the follmving laws have 
been fonnulated. 

Law of Intermediates. The hue of the mixture of any two homo- 
geneous components is Intermediate on the color circle between the 
hues of those components. The hue of the mixture is closer to that 
component which has the greater intensity. The mixture is less sat- 
urated than one or both of the components. 

Law of Complerncnlaries. If tsvo hues are diametrically opposite 
each other on the color circle, the mixture of their stimuli in the 
proper intensity ratio appears gray. 
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tics, all tlie hues between jx*lIow and green are obtained. By rts 
ferring to Fig. 2S, we can see that with tu-o components \\c can 
produce of mojf the hues of half the color circle. If we add a third 
component, all the hues of the color circle can be produced by mir- 
ing these three components in their appropriate proportions.'^?^ 
selection of three such components Is quite arbitrary*, provided tlie)- 
are not all three selected from the same half of tlie color circle. A 
convenient triad, which has frequently been used in the investigation 
of stimulus mixture, consists of a red (630 mp), a green (530 mp), 
and a blue (460 mp). 

By the mixture of these three components in proper proportions, 
all the hues of the color circle can be obtained. In Fig. 35 are shoum 
the proportions of the three components required to match all (he 
spectral colors. A word should be said about the meaning of (lie 
units plotted. The components were first mixed in proportions to 
give white. Gich of the three energies required for (his mixture vsxs 
taken as unity. Then, a coefficient of 0 5 indicates half llie cnerg}’ 
xvilh which a component entered into the mixture for white, a 
coefficient of 0.7. 7/10 of the energ)' used in the mixture for white, 
and so on. Let tis consider, (or example, a spectral orange xx*ith a 
wave length of GOO mp To match this homogeneous light with the 
three components, red, green, and blue, the following fractions of 
tlic amounts which give white must be taken about 07 B, about 
0.3 G, and about 0 0 B The negathc x-alues in Fig 33 resulletl from 
the attempt to match the spectral colors in saturation as well as m 
hue It sometimes became nccrss.irx’ to add a fraction of one of tin 
components to the homogeneous light being matched. This addition 
acted as a complementar)’ to the spectral color and rediicctl its 
saturation. Thus, a green of 505 mp could be matched by about 
0 8 C 4- about 0 3 B, provided about 0 15 fl xxxis added to the homo- 
geneous green of 505 nip in order to reduce its saturation 

The remarkable fact that all the colors of the spectnim can be 
matcluKl by mixtures of three components has scrM“d as the basis 
for one of the most xx-idely acccptctl theories of color \ision-tb« 
Young-IIcImholtz theory Because of the facts of stimulus mutun 
it is iinncccssaiy’ to assume that tlierc arc as mans color retiptors 
in the eye as there arc spectra! colors In fact, accordini: to flu- 
Young-IIclmholtz theorx’. there are onb thne spreu-s ul lum-s m 
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the retina. Each of these cones has its own visibility curve and pro- 
duces its own particidar color response. Just as the mixture of 
tibree lights gives all the colors, so the excitation of the three assumed 
types of cones accounts for all the chromatic colors. This theory 
than the facts of stimulus mixture. Such well- 
“^Smown phenomena as color blindness and negative afterimages may 
be interpreted in. terms of this theory. 

Afterimages 

Positive Afterimages. If we fixate a bright light and then 
quickly look at a dark wall, we ordinarily see an image of the ob- 
ject just .fixated. Such an image which corresponds in its light-dark 
relations- to ;.the original stimulus is called a positive afterimage. It 
is ordinarily brief in duration, and its appearance depends on two 
main factors: the brightness of the stimulus and the brightness of 
the afterfield. A bright stimulus and a dark afterfield are conducive 
to the appearance of positive afterimages. Positive afterimages re- 
sult from the fact that the response of the visual apparatus to a 
stimulus does not cease as soon as the stimulus is removed. If the 
afterfield is dark, there is little new stimulation to mask or interfere 
with the afterexcitation. That the positive afterimage is brief is 
fortunate; otherwise, as we turned our gaze from object to object 
_.^we should have a continuous kaleidoscope of superimposed images. 
(ilTbe important fact to remember is that Ais phenomenon constitutes 
evidence for inertia in the visual system. 

Negative Afterimages. If we fixate a black figure on a white 
, field for a period of time, say, about 30 seconds, and then turn to a 
' . homogeneous field, say, a gray or white wall, the stimulus figure will 
•appear on the wall with the black-white relations reversed. Such an 
image is called a negative afterimage. These negative afterimages 
may be explained by changes in the sensitivity to light of different 
parts of the retina. During fixation of the dark figure, the retinal 
area on which it falls is less stimulated than the area which is stimu- 
lated by white surface. During the period of fixation, therefore, 
the retinal areas stimulated by white become relatively less sensitive 
to hght, whi e Ae area stimulated by the black figure becomes more 
semibve to fight. As a consequence, when the total retina is stimu- 
lated by a homogeneous surface, different parts of the retina re- 
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spend with different degrees of excitation. The area formerly stimu- 
lated by black responds at a higher le\'el than the area formerly 
stimulated by while. Thus, there appears to be a light figure on a 
dark field. — ,, 

Negative afterimages also occur after a chromatic stirmilus 
been fixated. Let us, for example, fixate a richly saturated blue pat- 
tern for GO seconds and then turn to a well-illuminated white wall. 
An image of the pattern will appear, but its hue will be tlie com- 
plementary of blue, i e., yellmv. Such complementary afterimages 
may also be explained by adaptation in U»c ^rame^vork of the Young- 
Helmholtz theory. Fixation of the blue pattern presumably led to 
maximum cxdlation and, hence, decreased sensitixitj* (p. 12S) of 
the B cones. ^Vhen the retina is stimulated by a homogeneous sur- 
face, that part of it formerly stimulated by the blue pattern no\v 
responds predominantly with the R and G cones, thereby producing 
yellow, “nius, the facts of complementaiy afterimages arc In accord 
with the Young-Helmhollz Ihcoiy. 

Dark ADArrATiON 

In the preceding section we liavc emphasized the Importance of 
changes in the sensitivity of the retina to light: (1) increased sensi- 
tivit)' of the retina to hght due to absence of stimulation In the ^ 
dark is known as dark adaptation; (2) decreased sensitivity as il' 
result of stimulation is called light adaptation. 

The Dark-Adaptation Experiment. Increase in sensitivit)' to 
light as a result of time in llie dark is usually measured under the 
following standard conditions. The subject is taken into a dark room 
and first required to Tight adapt" by looking at a brightly illuminated 
surface for a period of time. By this procedure, the subject’s sensi- 
tivity to light is greatly reduc^, and a well-defined starting Icvr! 
is obtained from which the course of dark adaptation can be fol- 
lowed. After light adaptation, the subject's absolute threshold for a 
light stimulus of specific wave length and subtending a known angle 
on the retina is measured at frequent intervals. The minimum cnerg)- 
required for a visual response decreases os a function of time in the 
dark. Fig. 36 shows a family of dark-odaptation curves On the 
abscissa, time in the dark Is plotted, on the ordinate, the minimum 
brightness required for a visual response. Different airves are ob- 
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tained \vith different brightnesses of the light-adapting stiinulus. 
Note that in all of the curves there is an initial steep drop in the 
threshold (increased sensitivity). Thereafter, the threshold contin- 
U 5 ji**trar 0 p^^ a protracted period of time, though at a less rapid 
rate. Although most of the increases in sensitivity occur over the 



Fig. 36. A Family of Dark-Adaptation Cur^'es. The intensity of the 
hreshold stimulus is plotted against time in the dark. Note the upward 

Frnfc; H To light-adapting intensity, 

ion An ; f of light adapta- 

S S37 adaptation of the eye, J. Gen. Plnfsiol, 1937, 

0.637, by permission of journal and authors.) 


‘ee„ LS ? the first, branch remits fam the 

Sutr til T, “ff “fta about 5 

eep than the fir^t insists of a pronounced drop, less 

> droD simviu eve ' 1 ^gain by a level part whieh continues 




VISION 


125 

The Vo branches result from the difference in speed with ^^h^ch 
the cones and rods recover their sensitivity in the dark, and c>m 
more from the difference in the extent of dark adaptation for the 
tavo kinds of receptors. The first branch represents primarily cone 
adaptation, which is rapid but which levels off at a rebtively high 
level of intensity. The second branch is due priman5y«tcHh-<jdapta- 
f/on of the rods, which Is slower in onset, continues for a I(mgcr 
time, and represents a much larger change in sensitivity, ^\’hereas 
die sensitivity of the cones is increased more than a hundredfold in 
the dark, the sensitivity of the rods is increased by a factor of more 
than 10,000. 

The correlation of the hvo branches of the curv'c with tlie adapta- 
tion of cones and rods can be established by restricting the test 
stimulus either to the fovea (rod-free area) or to the periphery' 
(virtually cone-free ). If the stimulation is foveal, only the first of the 
two branches appears, whereas peripheral stimulation results in a 
curve corresponding to the second branch. 

Further evidence for the interpretation of the total dark-adaptation 
curve in terms of tsvo distinct processes comes from experiments in 
which stimulus lights of different wave lengths arc used. As the 
visibility curves (Fig. 32) show, the rods are maximally sensilivt: to 
the shorter vv'ave lengths, and the cones to the longer vviive lengths. 
If a red homogeneous test patch is used to measure changes in sen- 
sitivity in the dark, the function closely resembles the upper branch 
of the total curve. On the otlier hand, If the test patch is violet, the 
lower branch of the cun-e is much more evident than the upper 
branch. 

As we have seen, the light-sensitive substance in the rods— 
rhodopsin-is broken down by light. In the dark, this substance is 
regenerated. The increased concentration of rhodopsm accountsior 
the increase in sensitivity. This process of regeneration is slow, 
which explains the long period of time covered by the dark adapta- 
tion of the rods. The photochemical processes involved in the dark 
adaptation of the cones are still rebtively obscure. 

The fact that the rods are relatav?ly insensitive to the reds at the 
extremes of the spectrum has an interesting application in dark 
adaptation. Suppose an individual wears goggles which act as a 
filter and let through only the veiy long wave lengths of light Even 
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if he is in a well-llgKled environment, the rods arc then free from 
stimulation and ian, therefore, dark adapt. The red light, ho\wcr, 
which stimulates the cones is suHident for daylight MSion. so that 
the individual can still use his eyes while "dark adapUng.** As in 
Fig, 37, the red goggles are extremely efficient in hr-^pla^^t all 
light to which the r^s are sensitive and allow rod adaptation's 
good as in complete darkness. Such goggles have been used to good 
advantage in night %vork. A dark-adapted individual on lookout 
duly, for example, may put goggles on and light a cigarette without 
disturbing his dark adaptation. Furthermore, he may wear them for 
a certain time before his duly begins and arrive at work adequately 
dark adapted. 

In Fig. 37 the curves labeled Darh arc dark-adaptation cur>'cs 
obtained under standard conditions. The letter C indicates Ihc break 
between the cone and rod parts of the cur\ e. In the upper graph the 
dotted lino shows the dark adaptation of the rods by means of red 
goggles with continued cone vision. The tests %vcrc made in llie 
dark (solid circles). The results in the Imvcr diagram were obtained 
by having the subject wear the red goggles for 27 minutes and then 
testing him in the dark. The full effectiveness of the goggles is dem- 
onstrated by the fact that there were no further increases in sensi- 
tivity in the dark. 

Determinanls of (he Rate and Amount of Dark Adaptation. ^ 
There are many determinants of the speafic forms which a darT- 
adaplation cun'e takes. Here is a list of some of the factors which 
need to be taken Into account in planning a dark-adaptation experi- 
ment. 

1. Intensity of Ughl-adapting stimulus. Tlie Ics'cl to whlih the In- 
dividual is light adapted importantly determines the initial wlue' 
of the threshold taken in the darl^ and, hence, llie amount of 
time needed to reach complete adaplalioo. The family of curves 
in Fig. 36 illustrates this fact 

2. Retinal area stimulated. The retinal area stimubted is a critical 
factor. The reblivc number of rods and cones in the area stimu- 
bted by the test patch determines the relative prominence ot 
the two branches of the total curve. In determining the dark- 
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adaptation curve as a function of retinal area;|tj^ important that 
the subject maintain a steady point of fixationj;;;! . ' 

3. Size of test patch. This factor is clearly related to the retinal area 
stimulated. A large test patch cannot be confined to either a rod- 
freeor^Lfifi** 0 'free retinal area. A test patch larger than the fovea! 

in a curve xvith both branches clearly present. 

4. Wave length of the test patch. The difference in the visibility 
curves for rods and cones causes the shape of the dark-adaptation 
curve to vary with the wave length of the test patch. Long wave 
lengths result in a predominance of the cone branch of the curve, 
and short wave lengths 'in a predominance of the rod branch. 

Light Adaptation 

A period of time in the dark increases the sensitivity of the retina; 
a period of exposure to light decreases the sensitivity. To this de- 
crease in sensitivity resulting from stimulation, the name light 
adaptation is given. The exposure of a dark-adapted retina to light 
results in a rapid elevation of the threshold. At first, the decrease in 
sensitivity is considerable and is exceedingly rapid. Thereafter, the 
threshold continues to rise but at a slower rate. If the adapting 
stimulus is intense, the eyes are maximally light adapted after a 
period of about 10 minutes and little further change in the threshold 
takes place. With a less intense adapting stimulus, the rate and 
. ^ount of light adaptation are less. 

. " A light-adaptation experiment may be performed under tlie fol- 
-lowing conditions. The subject is first fully dark adapted so that 
the ‘process of light adaptation starts from a known level of sensi- 
tivity. After dark adaptation, the eye is exposed to a light of fixed 
intensity. (The rate and amount of light adaptation will, of course, 
depend on the intensity of the stimulus. ) This exposure is continued 
for a brief interval, then the stimulus is turned off and the absolute 
threshold is determined as quickly as possible. This procedure is re- 
peated for different durations of exposure to the light.' 

The process of light adaptation is difficult to chart. For one thing, 
it is so rapid that it is difficult to make a sufficient number of 
tffieshold determinations during the period in which its rate of 
change is greatest. Furthermore, there is a serious methodological 
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diOacully.-Wnjen'the stimulus (owhtdi the eye Is being adapted 1$ 
turned off so that a detennmation of the absolute thrcsliold may be 
made, the reverse process of dark adaptation Immcdiatclv sets In. 
The absolute threshold may thus be ^•stcmatically too low. 

Another way In which the visual apparatus ada nts it<clf to \-aria- 
tions in stimulus intensity is by changes in the size of tlic piipSUiy 
area. In general, the greater the brightness of a stimulus, the smaller 
is the pupillary area. The relationship between the logaritlim of 
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Fic. 38. The Itcbtionship Between the Lopa- 
rithm of the Brightness of the Visual Stimulus and tiic 
Size of the Pupillary Area. (From L. T. Troland, 
Principles of pst/chophyslologij, \'of //, 1030, p. 
Ill, by pcroiusjon of Van Noslrand Company, Inc.) 


of pupil is a factor which needs to be taken mlo account cai 

in specifications of effective stimulus values in vjsual experi; 

To hold the factor of pupil size constant, investigators have some- 
times employed an artificial pupil smaller in size than the smallest 
■natural” size for the stimulus intensities used. In this manner, stim- 
ulus area can be held constant despite variations in brightness. 
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Visual Acuity 

The Concept of Visual Acuity. One of the^most important 
and useful, characteristics of 'visual function is its spatial resolv- 
jjjg Ryj ^olving power, we mean the capacity to discriminate 

diMrent^^ of the ‘visual field from each other. This power of dis- 
crimination is Very great and enables us to see very small objects and 
to respond to very small separations among objects in the visual 
field. Visual-acuity is formally defined as the reciprocal of the visual 
angle subtended by the smallest object whose presence can be de- 
tected, or by the smallest separation behveen two objects which can 
be detected. The visual angle is measured in minutes of arc. This 
measure has the advantage of making the determination independ-, 
ent of the distance of the stimulus from the subject’s eye. Many 
objects have been used to test visual acuity: single small objects, 
such as dots and hairlines; separations between two dots or two 
lines; minimum discriminable opening in a circle; the letter C; and 
a grating consisting of alternate light and dark bars. 

No one value of maximal acuity (minimal angle) can be stated 
for the normal eye, for visual acuity is a function of the conditions 
under which the determinations are made. Under the best possible 
conditions, a hairline subtending an angle as small as 0.5 seconds 
has been detected. A more typical measure refers to the minimal 
L-, detectable separation between two lines, a value of about 30 see- 
mnds, representing maximum acuity under favorable conditions. In 
^medical eye examinations, an angle of 60 seconds defines normal ■ 
acuity. 

Acuity and Intensity, It is a commonplace of everyday expe- 
■pence that visual acuity is low in dim illumination. As night falls, 
even large objects and separations between objects can hardly be 
discriminated. The dependence of visual acuity on intensity of 
illumination has been carefully measured under controlled experi- 
inental conditions. Fig. 39 shows classic data depicting this rela- 
tionship. The shape of the function is sigmoid. As intensity increases 
from an axtremely low level, visual acuity at first increases slowly 

intensities are 

reached. With further increase in intensity, visual acuity increases 
veiy htue. ■' 



Tlwre IS reason to, hetiew, from fndqiontjcnl csijcnce, tlut the 
visual-aaiity function, like llic darl-adapt.-ilion function, should 
shoiv two branchk Jn Fig, 39, the limb at the bottom of the csin-e 
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Fic. 39. The Heblioiuhip Between Visual AcuUy 
and Inlcnsity ot Illumination. The limb at the 
bottom of the curve indicates the course of acuity 
for the rods. The main branch of die cune if deter- 
mined primarily by the response of the cones. (From 
S. Hecht, Vision: II. The nature of the photoreceptor 
process. In C. Murchison (cd.), A handbooJc 0 / gen- 
crof erper/mentaf psychology, 1934. p. 774, by per- 
mission of Clark Unheraity Press.) 


indicates the course of acuity for the rods. Once the cones go into 
action, their response principally determines the acuil)\ 

We must not conclude that acuity always increases with inten- 
sity. Tlie briglitness rcLition between the lest object and its sur- 
round is important. If the sumnrnd is dark and the test objects are 
two bars illuminated, increase in the brightness of these bars im- 
proses acuity only over a limited range. At the higher intensities, 




V.ISION 


1S3 

coTTCSpondcnoc thfs neurological picture, Wsua! ocuiiy is best 
in the fovea and becomes increasingly poor as we go out to the 
peripher)'. The superior visual acuity of the fovea is further aided 
by the fact that optically the dearest visual imag ejs c ast in the 
center of the retina. 

Spatial and Tempodal SuM^tATION 

Spatial Summation. As already indicated, the retina is a mosaic 
nith a complicated network of interconnections. As a result, the 
cfTects of the stimulation of a specific spot on the retina arc not 
confined to that spot alone. For eiample, as a very small light 
stimulus is increased in size without increasing its intensity, its 
brilliance increases Brilliance increases because increase in the 
size of the stimulus brings in more and more receptor elements 
whose effects summate. Furthermore, the threshold of a spot closely 
adjacent to one stimulated is losvered. 

Demonstrable summation effects are restricted to ver^' small 
areas on the retina In (he fovea (hey extend ox'cr less than a 
degree of xisual angle. In the periphery they may extend over as 
much as two degrees. Tliis greater range of spatial summation In 
the periphery is anotlicr example of the fact that the m'osaic of the 
peripher)’ is coarser in gram than that of the fovea. 

Temporal Summation: Roscoc-Bunsen Law. Bclinal sum* ^ 
mation effects arc not only spatial but also occur over short periods 
of time. Over a sliort duration range, increased time of nciron of 
the stimulus may compensate for decreased intensity, so that over 
tins short range of durations a constant perceptual effect may be 
maintained if It = C, « here I stands for intcnsit)', / for time, and C 
for a constant. The temporal range over which this relationship 
holds varies with the constant level of bnlliantr which is oblamctl 
by combinations of / and t. If a thresbold effect or a ver)’ low 
brilliance is required, tlie effective temporal range may be as long 
as 1/10 seconds. Wien a high constant effect is dcmatuli-d of tbc 
stimulus, the temporal range is shorter, about 2/100 seconds. Tlie 
generalization tlial it = C is known as the Kcscoc-Bxinxcn fare A 
breakdown of Uic noscoe-Dunsen law is implied in tbc fact of the 
absolute threshold. If the law held over an indefinite range, we 
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could see a light of any dimness provided it \Vere exposed for a 

sufficiently long time. ; / 

Talbot’s Law. ■ An’intennittent stimulus niay be seen as con- 
tinuous. This effect .may be demonstrated by interrupting a beam 
of ligh?=^^rtfrotating disk. This disk has segments cut out of it so 
tliat part of tire time the light may pass tlrrough. Let ns assume tliat 
the light is allowed to pass only 50 percent of tire tinre. If tlie disk 
is rotated slowly so that the light is interrupted only two or three 
times a second, tlie subject sees tire light as interrupted, i.e., he 
sees alternations of light and dark. As the speed of rotation of tire 
disk, and hence the rate of interruption, increases for a tinre, tire 
subject still sees the light as interrupted. Witlr furtlrer increases in 
the speed of rotation, fluctuations in brilliance become less and 
less marked, and finally a point is reached at which tire light appears 
as continuous. The brilliance of this continuous light will be the 
same as if the total amount of light had been unifomrly distributed 
over a whole revolution of tire disk. In other words, tire brilliance of 
tire rotating disk, passing tire light 50 percent of tire time, would 
match a steady light whose intensity is half tlrat of a single flash. 
In general, if a light is interrupted frequently enough to result in 
fusion, tire following generalization about its brilliance holds. If 
the light flashes are on p percerrt of the tinre, tire brilliatrce of tire 
interrupted stimulus is the same as tlrat of a continuous stimulus 
• whose intensity is p percent of tire intensity of a single flash. This 
generalization is known as Talbot’s law and has received frequent 
experimental confimration. 

The Critical Fusion Frequency and Its Determinants. As 
we have seen, there is a certain irrininrunr frequency of interrup- 
tion necessary^ for an interrupted stimulus to be seen as corrtinuous. 
This minimum frequeircy of interruption at arrd above which tire 
interrupted light appears as steady is known as tire critical fusion 
frequency (c.f.f.). Below tlris frequency, tire interrupted light is 
seen to flicker. There is no single value for tire c.f.f.; ratlrer it 
depends on a number of variables, of which intensity of tire flash is 
among the most important. 

Fig. 40 shows c.f.f. as a function of tire logaritlrm of intensity, 
measured under conditions where light and dark periods of a cyde 
were equal. Let us first consider the curve defined by tire open 
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Circles. TIjc rclalibnship beKveen efi. and intensitj- fj sigmoid. 
Over a considerable range, bOTve\-cr, relation between c.f.f and 
log 7 is nearly linear, i.e., is proportional to log I.Uc logarillimic 

relationship between and intensit}' is Icno«-n *»- Ftrrv’ 
Porter law. . “ 



^ O / £ O 

^ef/no/ ///om/nof/oo'' /o^f'^fifiofons 

FiC. 40. Critical Fusion Frequency as a Function of Intensity, with a 
Light-Dark Katio of 1.0. The cur>e through the open circles was obtained 
with foveal stirnulation and, therefore, represents the determination of the 
cJJ. by the response of the cones. The cur\-es through the solid circles 
were obtained with a stimulus 5* off-center. Tlie lower branch may be 
asenbed to the response of the rods, the upper branch, to the action of 
the cones. (From S. Hecht, Vision: II. Tlie nature of the photoreceptor 
process. In C. Murchison (ed.), A lumdbook of genera! eipenmen/af 
psychology, 1934, p 750, by permission of Clark University Press.) 

The cur\’e Uirough the open drclcs in Fig. 40 was obtained by 
confining the stimulus to the fOTca. It represents, therefore, the 
dependence oI c.f.l. on the action ot the cones. If c.f .f. is drtermiTicd 
for a retinal area outside the fovea, a function ivrlh tw'o limbs is 
obtained. The two curves passing through the filled circles in Fig. 
40 were obtained wth a stimulus at 5* off-center. The low branch 
obtained with weak intensities may be ascribed to the action of the 
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Tiie Dupucnr Theory 

Throughout thJ5 chapter we have seen again and again the dif- 
fcrcnces between the responses of the two t>pcs of receptors tn 
the rctina-the rods and the cones. UTien \vc ha%-c ?n7difV - a rious 
visual functions, such as visibility, light and dark adaptation, visual 
acuity, flicker, and color vision, we have al\va>*s encountert^ facts 
reflecting their difference in function. Other evidence, coming, for 
example, from anatomy, physiology and pathology, fully supports 
these eipcrimental findings. The statement of the dupl/dty theorj-- 
Ibat there are two functional types of receptors in the retina-is now 
an established fact. 

Special Problems of Comtoh in Visual ExrEno£E.VTs 

The visual apparatus is extremely sensitive and responsive to even 
the slightest variations in external and internal conditions. Visual 
experimentation requires most careful control of a variety of factors 
of which some of the most important will be listed below. Let us 
follow the path of the light stimulus from its sourre to the retinal 
image and note on the way what some of the problems of experi* 
mental control are. 

Intensity of the Stimulus. The accuracy with which the in- 
tensity of the visual stimulus needs to be specified depends, of 
course, on the particular problem. The investigation of the absolute 
threshold or o! the relation of cf.f. and intensity, of course, requires 
explicit and careful spedficatioos of the intensity of the stimulus. 
On the other band, verification of the fact of complementary colors 
does not require exact photometnc measurements of the illumina- 
tion on the color disks. Whenever specifications of intensity arc 
given, the experimenter must carefully distinguish beriveeo radio- 
metric and photometric measures. 

Spectral Composition of the Stimulus. The remarks made 
above about the importance of exact measurements in different ex- 
perimental situations apply here too. In determining visibility 
cuives, the necessity for exact spcdfication of wave lengths is obvi- 
ous. In experiments involving the use of visual patterns illuminated 
by white light, the spectral composition of that white light need 
not he specified. Spcdfication frequently is implied by naming the 
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particular source of illumination, such as the brand of light bulb. 
Where wave length must be controlled, filters are frequently used. 
A ^'pical filter consists of two glass plates enclosing a gelatinous 
substance which absorbs certain wave lengths while transmitting 
others«®^- 5 =rary' in degree of selectiwty, and for precise work it 
is necessary to have ’ available their transmission characterotics. 
Typically, a curve showing degree of transmission as a function of 
wave length is plotted. 

Surround of a Test Patch. There are many experiments in 
which the surround of the test stimulus or test patch is important. 
This is particularly true when the test patch is small. W^e recall the 
specaal effects (glare) encountered in the determination of rdsual 
acuity when a brightly illuminated small object appears in a dark 
surround. A phenomenon such as glare is, of course, in itself an in - 
teresting problem. Even if the effect of the surround is not itself the 
focus of investigation, it should be taken carefully into account. 

Size of PupUlai^' Area. The size of the pupillary area is im- 
portant for two principal reasons. First of all, the size of the pupil 
helps to determine tlie amount of illumination which falls upon the 
retina. We recall that it is for this reason that a special unit of ilhuni- 
nation— the photon— was devised. Furthermore, the size of the pupil 
has an effect on the sharpness of tlie retinal image. Dor^m to a cer- 
tain point, as the area of the pupil is decreased, tlie definition of the 
retinal image is sharpened. However, as the pupillai}' area decreases 
further, diffraction effects enter and serve to blur die image. For 
these reasons, in e.xperiments in whicli tlie amount of illumination 
or the sharpness of tlie image (risual acuity) is important, pupiUaiv’ 
area must either be specified or controlled by an artificial pupil. 

Retinal Area Stimulated. The facts of the duplicity flieoty 
underscore the importance of controlling and exactly speci^’ing the 
retinal area stimulated by the test patch. In order to stimulate a 
particular area of the retina, it is, of course, necessar)' to control the 
size and distance of the test patch. The area of the retinal image 
corresponding to a given object is inversely proportional to the 
square of the distance of tlie object from the eye. Appljmig this re- 
lationship, it should be remembered tiiat for foveal stimulation the 
stimulus should not cover an area larger than about 2° of wsual 
ang e. If we are to be sure that a test object falls on a particular 
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part of Uio rcUna, we mtirt mtotefzo the movcmcnti of lie eje 
This is achieved first by holding the head in n chin rest or similar 
device and then requiring the subject to maintain steady fisation on 
a pofnt provided for that purpose. 

State of Adaptation of the Retina. In many eSprtatMatj \-Isual 
functions are determined after the eye bat bera- adapted to the 
particular viewing situation. In an cipcnment on slsual acuity, for 
example, it is assumed that the retina of the subject has come to a 
steady level of adaptation before the measurements are made. Thus, 
by specifying the level of illumination, we are adequately controlling 
the degree of adaptation. In some experiments, hoivcver, adaptation 
is itself the focus of interest. In such experiments, adaptation is 
explidlly measured by determining the absolute threshold. 

ExPEMMUfr VI 
Smiutus Mdctutib 

Purpose. To verify the two principal lau-s of stimulus mlxture^tbe 
law of intermediates and the law of complementaries. 

Materials. A set of color disks and one or more color wheels are 
used. Color disks can be commercially obtained or may be cut from a 
set of colored papers. For the purposes of this experiment. It Is not neees* 
sary to know the photometric values of these stimuli. Furthermore, it is 
important to realize that such colored papers do not reSect homogeneous 
wave lengths. 

A color wheel is a motorvdriven metal disk, so constructed that the 
colored papers may be attached to it. The sp e ed of the motor may usually 
be adjusted by means of a rheostat. 

Procedure: The Law of Inicrmediaics. This law states: The hue 
of the mixture of any two homogeneous components Is intermediate on 
the color circle between the hues of those components. The mixture is 
less saturated than one or both of the components. The hue of the mix- 
ture is closer to that component which has the greater intensity. 

To verify this law, choose first a red and yellow color dbk. Interleave 
them on the color wheel, m'th only a small proportion of the y-ellow color 
showing. This means that the Intensity of the red light wU be greater 
than that of the yellow light. Ad;uit the speed of the motor well alxn-e 
the critical fusion frequency and observe the hue of the mixture. 

Next, change the proportion of the red and yellow to fifty-Bfty and 
again observe the mixture. Hmv has it changed In hue and laturaUon? 
Finally, use only a small fraction of red and make the same obsen’atlons. 
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If two color wheels are available, place a red and yellow disk r)n one 
of them as before, and a well saturated orange plus a white disk on the 
other" wheel. Find the proportions of red and yellow required to match 
■ the hue of the orange disk. Then, try to obtain a saturation match. To 
obtain a,^|bjrag?n 'match, it will be necessary to vary the proportion of 
white added to the orange until a satisfactory match to the saturation of 
the red-yell'ow. mixture is obtained. 

Repeat this procedure with the following pairs of disks: yellow and 
green, green and blue. 

Treatment of Results. For every mixture, the proportions of disks 
used should be carefully measured and recorded. The proportions can 
be readily determined by means of a protractor disk which is calibrated 
either in percentages or degrees. The results of each mixture should be 
recorded in the fonn of a simple “color equation,” e.g., 

X% Red -f (100 — X)% Yellow = Y% Orange -f- (100 — Y)% White 

We may note that if the components were homogeneous lights, such 
an equation would fully specify the properties of one color in terms of 
the wave lengths and intensities of two others. 

Procedure: The Law of Complementaries. This law states: If two 
hues are diametrically opposite each other on the color circle, the mixture 
of their stimuli in the proper intensity ratio appears gray. 

The law may be verified by means of the follovnng pairs of stimuli: 

Yellow and blue 
Green-blue and orange 
Red and blue-green 

The two disks of one of these pairs of stimuli are interleaved on the color 
wheel. Also interleaved on the same color wheel are a small black and a 
small white disk. The proportions of the two chromatic disks are adjusted 
until a gray mixture results. The proportions of the black and white disks 
are then adjusted to obtain a brilliance match. (Although it is preferable 
to mount the disks in this way, it may be more convenient to mount the 
black and white disks on a separate wheel.) 

We must remember that the color disks do not reflect homogeneous 
light. For this reason, it may not be possible to obtain gray by the mix- 
ture of only two "components.” We may still obtain a gray, however, by 
adding a third chromatic disk complementary to the mixture of the first 
two. Thus, the mixture of red and blue-green closest to gray may still 
appear tinged svith blue. By adding a small amount of yellow, which is 
complementary to blue, a gray mixture may finally be produced. 
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■nie.Hudcnt ihotili verity that he can readily obtain a Cray »a'lh three 
componenta If they are not all three aelected from the came halt of the 
color circle. 

Treatment of Reaulu. The mtatnt« ihouM aEafa b, ipeeiCed In 
term! of “color equaliona." On one aide ihould apperesthnjiropottiona 
of chrt^atic dlila mod to obtain pay. on the other ride the prononionl 
of black and \vbife giving a brilliance match. Thtu, 

A'J ydlow (100 — . X)I B/ue Bfccit -f* (100 — Y)J White 


ExrntiMENT VII 
VlSOAle Acutty* 


Purpose. To measure hvo types of vtsual acuity.- (l) minimum vU- 
ibic acvily, I.e.. the smallest single obiecl of a pVen kind that can )nil 

be detected; ( 2 ) minimum sepofobleoeolty, l.e. the muiimum separation 

between (wo objects of the same land that can be delected. 


Minimum Vhihle Acuity 

Afaicrials. A while circular card, about 4 inches in diameter. Is nded 
wltli a single black line (India ink). The 'n-idlh of this line should be 
J/64 of an inch and its length, 1 Inch, (“nils n-idlh is some%hhat arbl* 
Irarfty chosen, and a narrower line would be preferable. The important 
point is that the width of the line should be exactly measured.) A yard* 
stick for measuring distances and a lamp for varywg ibe fllumlnalion of 
the CAid are required. 

Procedure. In a room with orduiary fHomina on, the esperitnenter 
holds the stimulus card In a fixed position, mlh ’ e black line verticaL 
The subject is initially close to the experimenter but he backs away until 
he can just see the black line. The experimenter then requests the sub- 
ject to close his eyes and quickly rotates (he card lo a new position. He 
then asks the subj'ect to indicate (he inclination of (he jiut visible line 
to the new position. This procedure serves as a check on the subject's 
report. For the experimenter’s convenience, a line is also drawn on the 
back of the card in the same position as in the front. The distance be- 
tween the stimulus card and the subject's eye is then measured to the 
Bearest inch It may be advisable to use both an approaching tnd rr^- 
hg (ascending and descending) series. At least ten such dctcrminationx 
ihould be made. The larger the number of determinations, the more rr- 
lible will be the resulting measure of Wsual acuity. , , . 

The whole procedure should be carried out at two levru of • 
fiat. Tfie Sret Us already been spedBed. nz- ‘irilnir,- Ken, iUmdttj-^ 

•W. iodebtad to Profresot K. U. Smith lor nfS^ag thh reprriorot. 
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If two color wheels are available, place a red and yellow disk .on one 
of them as before, and a well saturated orange plus a white disk on the 
other' wheel. Find the propo^ons of red and yellow required to match 
the hue oi the orange disk. Then, try to obtain a saturation match. To 
obtain a^^gt”r?fr n match, it will be necessary to vary the proportion of 
white added to the orange until a satisfactory match to the saturation of 
the red-yellow, mixture is obtained. 

Repeat this procedure with the following pairs of disks; yellow and 
green, green and blue. 

Treatment of Results. For every mixture, the proportions of disks 
used should be carefully measured and recorded. The proportions can 
be readily determined by means of a protractor disk which is calibrated 
either in percentages or degrees. The results of each mixture should be 
recorded in the form of a simple "color equation,” e.g., 

X% Red -f- (100 — X)5E Yellow = Y% Orange (100 — Y)* White 

We may note that if the components were homogeneous lights, such 
an equation would fully specify the properties of one color in terms of 
the wave lengths and intensities of two others. 

Procedure: The Law of Complementaries. This law states: If two 
hues are diametrically opposite each other on the color circle, the mixture 
of their stimuli in the proper intensity ratio appears gray. 

The law may be verified by means of the following pairs of stimuli: 

Yellow and blue 
Green-blue and orange 
Red and blue-green 

The two disks of one of these pairs of stimuli are interleaved on the color 
wheel. Also interleaved on the same color wheel are a small black and a 
small white disk. The proportions of die two chromatic disks are adjusted 
until a gray mixture results. The proportions of the black and white disks 
are then adjusted to obtain a brilliance match. (Although it is preferable 
to mount the disks in this way, it may be more convenient to moxmt the 
black and white disks on a separate wheel.) 

We must remember that the color disks do not reflect homogeneous 
light. For this reason, it may not be possible to obtain gray by the mix- 
ture of only two components. We may still obtain a gray, however, by 
adding a third chromatic disk complementary to the mixture of the first 
two. Thus, the mixture of red and blue-green closest to gray may still 
appear tinged with blue. By adding a small amount of yellow, which is 
complementary to blue, a gray mixture may finally be produced. 


visio^ 

The. student should %-CTify lhai he can readily obtain a gray with three 
components if they are not all three selected from the same half of the 
color circle. 

TrcalJJicni of Kesults. The mixtures should again be speciiied in 
terms of “color cqualions." On one side should appea^Jj^jjjmportiona 
of chromatic disks used to obtain pray, on the other fide th^proportioni 
of black and white gi'^g ® brilliance match. Thus, 

A'l Yfllow -f- (100 — X)% Dluo = ys Black + (100 — y)S White 

EXPERtMEST VII 
Visual Acuity* 

Purpose. To measure hvo types of visual acuity: (1) minimum rtj. 
Ible aculhj, I.e., the smallest single object of a given kind that can just 
be detected; (2) minimum scparohle acuity, i.e , the minimum separation 
bchvecn two objects of the same land that can be detected. 

Afinimum Visible Acuity 

hfaterlals. A while circular card, about 4 inches in diameter, is ruled 
with a single black line (India ink). The %v)dth of this line should be 
1/64 of an inch and its length, 1 inch. CHiis width is somewhat arbN 
trarily chosen, and a narrower line would be preferable. The important 
point is that the width of the line should be exactly measured.) A yard* 
stick for measuring distances and a lamp for varying the illumination of 
the caid are required. 

Procedure. In a room with ordinary illumina on, the experimenter 
holds the stimulus card in a fixed position, with < e black line vertical. 
The subj'oct is Initially close to the experimenter but he backs away until 
be can just see the black hne. The experimenter then requests the sub- 
ject to close his eyes and quickly rotates the card to a new position. He 
then asks the subject to indicate the inclination of the just visible line 
to the ne%v position. This procedure serves as a check on the subject’s 
report. For the experimenter's convenience, a line is also drawTi on the 
back of the card in the same position as In the front The distance be- 
tween the stimulus card and the subject’s eye is then measured to the 
nearest inch. It may be advisable to use both an approaching and reced- 
ing (ascending and descending) series At least ten such determinations 
should be made. The larger the number of determinations, the more re- 
liable will be the resulting measure of visu.il acuity. 

The whole procedure should be carried out at two levels of illumina- 
ticn. The first has already been specified, viz., ordinary room illumina- 

* We are Indebted to Professor K. U. Smith for suggesting this erperiment. 
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tion. A second level may be obtained by casting the light of a desk lamp 
on the stimulus card. 

Treatment of Results. In order to compute the visual acuity, it is 
necessary to express the width of the stimulus line and the mean dis- 
tance at 4ybitj>r; itais just seen in the same units of length. When they 
are so expressed', the ratio between the width of the line and the mean 
distance equals the tangent of the_ minimum visible angle subtended by 
the object. Prom a table of trigonometric functions, the angle correspond- 
ing to the obtained tangent can be read. The value of this angle should 
be expressed in mlputes, and its reciprocal computed. This reciprocal of 
the angle in minutes’ii the desired value of visual acuity. The values of 
visual acuity thus obtained should be compared for the two levels of 
illumination-. 

Minimum Visible Separation 

Materials. A circular card 4 inches in diameter is used as before, 
but this time it is ruled with two parallel black lines so that there is a 
white interspace of 1/32 inch between them. The lines themselves 
should be 1/32 inch in width and 1 inch long. Yardstick and lamp are 
used as before. 

Procedure. The same procedure is used as above, except the subject 
must now report when he can just see the two lines as separate. (Note 
that the control procedure of rotating the card is not applicable in this 
part of the experiment.) Again, several determinations are made at each 
of the tsvo levels of illumination. 

Treatment of Results. The minimum separable acuity is computed 
in much the same way as the minimum visible acuity. The width of the 
interspace between the two black lines is divided by the mean distance 
at which the two lines are just seen as separate. The reciprocal of the 
visual angle expressed in minutes is again the measure of acuity. The 
visual acuity at the two levels of illumination should again be compared. 
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PERCEPTION OF COLOR 


THE phenomenal world is full of colors. We are surrounded by an 
ever changing kaleidoscope of brilliances and hues. However great 
the variety of our color experiences, it is small as compared with the 
constant changes in the stimulation of our visual receptors. Every 
time we turn our head, approach or recede from an object, the size, 
intensity, and pattern of the retinal image change, often radically. 
Yet, the perceptual world in which we move and to which we re- 
spond has great stability and, in spite of rich variety, much con- 
stancy. Out of the rich flux of sensory stimulation, the organism 
constructs, as it were, a stable and orderly perceptual en\dronment. 
In this chapter, we shall describe some of the properties of the mani- 
fold of perceived colors and some of the determinants of color per- 
ception. 

Modes of Appearance of Colors 

Let us begin vwth the phenomenology of colors. The ways we see 
colors, their modes of appearance, can be ordered into classes upon 
which most investigators have agreed. 

Film Colors. Look at the sky on a clear day. Or, indoors, roll 
up a piece of paper into a tube and through &e opening of the 
tube view a colored object. You will experience an expanse or film 
of color, spread out in two dimensions only, without depth and ladc- 
ing the characteristics of an object. It is this type of color which we 
usually study in determining the relations between physical prop- 
erties of the stimulus and the attributes of visual experience, as dis- 
cussed in Chapter 6. It is with film colors that the laws of stimulus 
mixture are derived. In everyday experience, film colors are rare as 
compared ivith surface colors. 

Surface Colors or Object Colors. The book in front of you 
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is red, the desk Is brown, the pencil Is yellow. Tljese colors arc stir* 
face colors, Tliey are perceh^ not as expanses of sheer color, but 
ns colors of objects. Inherent In their surface, svhateser the sliape of 
the surface. Tale the red book in front of you and pe*-itxia.;i poorly 
lit comer of the desk. You perceive a r^ book In poor illumina- 
tion. Now, take the same red book and put it directly under the 
light shed by the desk lamp. The perception is of a red book in 
bright illumination. One of the most important cliaracteristics of 
surface color is that it may be perceived as distinct from the illumi- 
nation falling on it. Our ability to respond dillermtl.nlly to light re- 
flected from'ohjects and to the illumination falling on these objects 
is invaluable in building tip a stable and coherent world of colors. 

Bulky Color. Look at an object through a boss I or Iwttle of 
colored or cloudy liquid. Tlie color of the liquid in the s-es$rl svill 
appear to extend in three dimensions. Tlic mode of appearance of 
the color is bulk-)'. In order to have the experience of bulky color, 
it is necessar)’ that you see objects in or beyond the solumc of colors 
othersvise, the soluminousness of the color disappears. 

Transparent* Lustrous, and Luminous Colors. In addition to 
spatial characteristics, colors have other qualitative diflcrences. Some 
colors allosv you to sec through and beyond them. i.e., the)’ arc 
tratisparciit. Film colors and surface colors may be transparent, 
bulky colors ahvays arc. With some surfaces we sec not only surface 
colors but also n sheen of reflected light which appears to l>elong 
to the surface of the object and )et not be part of its surface color, 
hfctallic and silken surfaces arc knmvn for their luster, as Is also the 
surface of moving water with light playing upon it. Finally, filmy 
and bulky colors which arc brighter than their stimninds may ap- 
pear fumirtoiiJ For example. If in on olherxvise darkened room, we 
focus a beam of light on one side of a sheet of milk glass, the other 
side of the glass appears as a luminous Elm. A color is seen os 
luminous pros ided It is brighter tlun while In the same Illumination. 

Tije CoLon OF OnjFcrs 

Microstructure. Let us tom our altenlion to surface colors 
which ore the colon of the majority of objects in our dally enriron- 
ment Tliese objects present a well-defin^ surface in which color 
is localized no matter what the gross spatial irregularities of the sur- 



■«<« 


»»> *y 

PERCEPTION OF COLOR 


THE phenomenal world is full of colors. We are surrounded by an 
ever changing kaleidoscope of brilliances and hues. However great 
the variety of our color experiences, it is small as compared with the 
constant changes in the stimulation of our visual receptors. Every 
time we turn our head, approach or recede from an object, the size, 
intensity, and pattern of the retinal image change, often radically. 
Yet, the perceptual world in which we move and to which we re- 
spond has great stability and, in spite of rich variety, much con- 
stancy. Out of the rich flux of sensory stimulation, the organism 
constructs, as it were, a stable and orderly perceptual environment. 
In this chapter, we shall describe some of the properties of the mani- 
fold of perceived colors and some of the determinants of color per- 
ception. 

Modes of Appearance of Colors 

Let us begin with the phenomenology of colors. The ways we see 
colors, their modes of appearance, can be ordered into classes upon 
which most investigators have agreed. 

Film Colors. Look at the sl^ on a clear day. Or, indoors, roll 
up a piece of paper into a tube and through tire opening of the 
tube view a colored object. You will experience an expanse or film, 
of color, spread out in two dimensions only, without depth and lack- 
ing the characteristics of an object. It is this type of color which we 
usually study in determining the relations between physical prop- 
erties of the stimulus and the attributes of visual experience, as dis- 
cussed in Chapter 6. It is with film colors that the laws of stimulus 
mixture are derived. In everyday experience, film colors are rare as 
compared with surface colors. 

Surface Colors or Object Colors. The book in front of you 
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is rctl, Ibc dcsV is bny^u, the pencil b yellow. These colors are itjr* 
face colors. TIjcj* are perceived not as expanses of sheer color, hut 
os colors of objects^ inherent in their surface, whatever the sliape of 
the surface. Talc the red book fn front of you and poorly 

lit comer of the desk. You perceive a r^ book in poor illumlna* 
tion Now, take the same r^ book and pul It directly under the 
light shed by the desk bmp. The perception is of a red bool In 
bright illumination. One of the most important cliaracteristics of 
surface color is that it may be percehed as distinct from the illtimi* 
nation falling on it. Our ability to respond differcntblly to light re* 
fleeted from’objects and to the illumination falling on these objects 
is invaluable in building up a stable and coherent world of colors. 

Bully Color. Look at an object througb a boul or l>ottle of 
colored or cloudy liquid. Tlic color of the liquid in the vessel wfl] 
appear to extend in three dimensions. The mode of appearance of 
the color Is bully. In order to have the expenenee of bully color, 
it b neccssar)' that you see objects in or beyond the volume of color; 
olhcnvisc, the voluminousness of the color disappears. 

Transparent, Lustrous, and Luminous Colors. In addition to 
spatial cliaracteristics. colors have other qualitative differences. Some 
colors allow you to see through and beyond them, i e., they’ are 
transparent. Film colors and surface colors may be transparent, 
bully' colors always are. W’itli some surfaces wo see not only surface 
colors but also a sheen of reflected light which appean to belong 
lo the surface of the object and vet not be part of its surface color 
Metallic and sillcn surfaces arc lnov%-n for their luster, as is also the 
surface of moving water vvilli light playing upon it. Finally, filmy 
and bully colors which arc bnghler than their surrounds may ap- 
pear /iifTiinons. For example, if in an otherwise darkened room, we 
focus a beam of light on one side of a sheet of milk glass, the other 
side of the glass appears as a luminous film. A color is seen as 
luminous prov ided it is brighter than white In the same illumination. 

The Color or Objects 

MicTOVtruclUTC. Let us turn oui attention to surface colon 
vvhlcli are the colors of the majority of objects in our daily envirco- 
menL Tliese objects present a vvell-dr^ned surface in which cokr 
is localized no matter what the gross spatial irregularities of the 
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face may be. These surfaces are not smooth expanses of coloi' but. 
rather are endowed witli inicrostnicture or gtoin, i.e., slight irregu-^ 
larities in the surface. The presence of'ihicrostructure is conducive 
to the pfir yqp tion of colors as object or surface colors. 

Brightness Differences. The appearance of surface colors is 
also a function of brightness differences in adjacent areas. This fact 
may be demonstrated by the following e.xperimental procedure. A 
circular spot of light is projected on a screen. This spot appears 
luminous. If a ring of light of different intensity is projected around 
the circle, the two illuminated areas are perceived as surface colors. 
The brighter one appears white; the darkness of the gray of the 
other area depends on the ratio of the intensities of the projected 
lights. It is noteworthy tliat white is not a matter of the intensity of 
light alone. White, like black and gray, refers to a surface color and 
not to a specific degree of brightness. 

Albedo and Illumination. Whenever a surface color is per- 
ceived, there are two levels of light intensity present in the situation. 
First of all, there is the intensity of the light falling on the object, 
i.e., the illumination. This we also refer to as the incident light. 
The illuminated object reflects a certain portion of the incident 
light. The ratio of reflected light to incident light is known as tlie 
albedo of the object. The albedo is a physical property of the sur- 
face of the object and is independent of the amount of illumination 
falling on it. When light of a certain intensity falls on a white sheet 
of paper, a certain percentage of that light is reflected. When tlie 
absolute intensity of illumination is raised, the paper reflects a 
greater absolute amount of light, but the ratio of reflected to inci- 
dent light, i.e., tire albedo, remains constant. At a given level of 
illumination, the color of an object varies with the albedo of its 
surface. Of course, the cliromatic aspect of the surface color de- 
pends on which wave lengths are absorbed and which are reflected 
by the surface of the object. 

Color Constancy 

The Puzzle of Constancy. Look at a heap of coal lying in your 
yard in the bright sunlight. It appears black. Then turn your gaze 
o a towe anging in a deeply shaded part of the yard. It appears 
white, ^^e would be puzzled, indeed, if coal did not appear black 
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nucJ towcU, while. Actually. iKWcvcr, it is the fact tliat thn* do so 
npp<*ar under the cifciimsfancrs which is puzzim;;. Tlie coal/thouph 
its albedo is low, is reflecting a great deal of light frtwi the sun. 
True, the loud lias a high all^lo, but, hanging in^ he deep shade, 
it is reflecting only a small absolute amount of light, iiit- intaisity 
of the retinal image cast by ibe heap of coal is much greater than 
that cast by the twcl. If the object color were a simple function of 
the intensity of the retinal Image, the towel should look much 
darker than the coal. 

Such is the puzzle of color constanc)’. Our judgments about the 
color of nn object agree more closely with a fited physical property’ 
of the ohject-thc nlbedo-than the retinal image alone should allosv. 

Illumination and Oilor. Somehow tlie organism can take into 
account the amount of incident light In responding to the amount of 
light reflected liy the object. In other words, in judging the color 
of an object, perception discounts, at least m part, the factor of 
Illumination. As a result, the Judged difference between h\'o colon 
corresponds more closely to the diffenmcc behveen their albedos 
than to the absolute diflvrcncc m amounts of light reflected. 

IIow can llIumin.itlon be taken into account? Suppose there are 
in our visual field two olijoets under a gisen lescl oJ illumination. 
I,„- The tuo objects are sirsved against a common homogeneous 
b.ickground. One of the objects is scs-n ns black, the other as white, 
and the background as gray. Tills situation is schematically reprr- 
scntrtl in Fig Tlie two objects and the background differ from 
each other only with n’speef to their albedos. Tlie object seen as 
black has the lowest albedo, the object seen as white, the highest, 
and the gray background, nii intermediate one. Since tJie incident 
light is Uie same for each of the three surfaces, and since their 
albedos are different, different amounts of light arc rcfli*clPtl from 
them. As represented in Fig 42. let b. <?. and ij stand for the rr» 
specthe amounts of liglit reflected from the three surfaces Let us 
express the ratio of the intensity of light reflected from the wliife 
surface to the intensity of light reflected from the gray surface as 
ii/fj = m.and the com’Spondingr.atiofor the black object, b/i- = n. 

N’ow let us increase the general Icsel of illumination from /w to 
{F**?' •l^)* The observer still secs the three surf.icn as siJnfe, 
^y'and black. Hmvmer. since the albedos base not changnl. ii.i.*. 



14S 


experimental psy.ghology 

face may be. These surfaces are not smooth expanses of, dolor but 
rather are endowed with microstmcture or grain, i.e., slight irregu- 
larities in the surface. The presence of ihicrostructure is conducive 
to the pyi'fpiiti inn of colors as object or surface colors. 

Brightness Differences. The appearance of surface colors is 
also a function of brightness differences in adjacent areas. This fact 
may be demonstrated by the following experimental procedure. A 
circular spot of light is projected on a screen. This spot appears 
luminous. If a ring of light of different intensity is projected around 
the circle, the two illuminated areas are perceived as surface colors. 
The brighter one appears white; the darkness of the gray of the 
other area depends on the ratio of the intensities of the projected 
lights. It is noteworthy tliat white is not a matter of the intensit)' of 
light alone. White, like black and gray, refers to a surface color and 
not to a specific degree of brightness. 

Albedo and Illumination. Whenever a surface color is per- 
ceived, there are two levels of light intensity present in the situation. 
First of all, there is the intensity of the light falling on die object, 
i.e., the illumination. This we also refer to as tlie incident light. 
The illuminated object reflects a certain portion of tire incident 
light. The ratio of reflected light to incident light is knosvn as tire 
albedo of the object. The albedo is a physical property of the sur- 
face of the object and is independent of Uie amount of illumination 
falling on it. When light of a certain intensity falls on a white sheet 
of paper, a certain percentage of tliat light is reflected. When tlie 
absolute intensity of illumination is raised, the paper reflects a 
greater absolute amount of light, but the ratio of reflected to inci- 
dent light, i.e., the albedo, remains constant. At a given level of 
illumination, the color of an object varies with tlie albedo of its 
surface. Of course, the chromatic aspect of the surface color de- 
pends on which wave lengths are absorbed and which are reflected 
by the surface of the object. 

Color Constancy 

The Puzzle of Constancy, Look at a heap of coal lying in your 
yard in the bright sunlight. It appears black. Then turn your gaze 
to a towel hanging in a deeply shaded part of the yard. It appears 
white. We would be puzzled, indeed, if coal did not appear black 



and tmvcls, while. Actually, !»o\%c%cr, it is the fact dial llicj' do lo 
appear under the circumstanci's «hlch is purzhn". Tlic coal, though 
ill albedo is low, is rcilectifig a great deal of light from the sun. 
True, the to^^cI lias a high allxxlo, but, hanging injdicdc^) iliade. 
it is reflecting only a small absolute amount of light, 'iii'c intnisity 
of the retina! image cast by the heap of coal is much greater than 
that cast by tlie towel. If the object color were a simple function of 
the intensity of the retinal itnage, the towel should look much 
darker than tlic coal. 

Such is the puzzle of cofor conslancj'. Our judgments alxnit the 
color of an oliject agree more closely with a fixed ph)‘sical projx*rty 
of the obj’oct-the albi“do-th.if> the retinal image alone should allow. 

Illumination and Color. Somehow the organism can lake into 
account the amount of incident light In responding to the amount of 
light rcnectcd by the obj'ect. In other words, in judging the color 
of an object, perception discounts, at least in part, the factor of 
illumination. As a result, the judged difference between two colors 
corresponds more closely to the difference behveen their albedos 
than lo the absolute diifereuce in amounts of light reflected. 

How can illumination be taken Into account? Suppose there are 
in our visual field two objects under a gisen lescl of illumination, 
The tsso objects are sicss-ed against a common homogeneous 
background. One of the objects is seen as black, the other .as white, 
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bbek has the losvest albedo, the ob|«*ct seen os white, the highest, 
and the gray background, an IntermrsUate one. Since the incident 
hglit Is the same for each of the three surfaces, and since their 
albedos are different, diflen'ot amosints of light arc rcflectnl from 


them. As representtxl in Fig. 42. let b. and ij stand for the re- 
spective amounts of light reflected from the three surfaces. L«-l us 
express the ratio of the intensity of light reflected from the white 
surface to the intensity of light reflected from the gray surface as 
b/ij = m,and the corresponding ratio for the black object, b/b = n 
Nosv let us incTc.ase the general lexcl of illumination from lu^ to 
(Fig. 42 b). The observxT still secs the three surfaces as white, 
gray, and bkick. Ilcnvcser, since the albedos ha\c not changed. i|, b. 
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and f» have Increased proportionately to tlic Increase In the general 
lc\'el of illumlnallon. Since the general lesel of Illumination has 
been multiplied by a given factor, the amounts of reflected light 
luve each been multiplied by the same factor. WTul about m and n? 
They must necessarily remain the same, since airuSTr^ntensitlcs 
have increased proportionately. 

As a Gnal change, let us keep Uie white object and its immediate 
surround at the medium les-cl, but raise tlie IotI of illumina- 

tion falling on the black object and Its immediate surround to /ii«t 
(Fig. 42c). Despite this difference in Illumination, we still see on 
the one side a white object on a gray ground and on the other side, 
a black object. Why? Because m and n base not changedi Of coune 
m has not changed since it and <j ha\T not changed. Nosv, on the 
right-hand side of Fig. 42e, we denote the reflected light from the 
gray surround which is under high illumination by i/ to distinguish 
it from fj on tlic left which Is under medium illumination. As com- 
pared with the situation in Fig. 42b, b and it constitute proper^ 
fionoie increases in reflected light, and, therefore, n, the value 
of their ratio, is the same os In Figs. 42a and 42b. The ratio of light 
reflected from on object to the light reflected from its background 
remains constant in spite of changes in illumination. The situation 
depicted in Fig. 42c is analogous to the coal In the sun and the tosvel 
In the shade, and it is clear that the conslancj’ of these ratios greatly 
helps in maintaining tlic constancy of object colors under different 
illumination. 

In general, vimving conditions arc not os simple as those chosen 
for our example. Nevertheless, it remains true that Intensity ratios 
of the amounts of light reflected from adjacent surfaces remain 
ImTirfant under changed illumination. Tims, coruiderable color con- 
stanc)' obtains ewn under more complex conditions. Actually, di- 
versity of the visual field, lliat is, the presence of scs-eral surfaces 


the obsc^^•e^ is proWded with reference \-aliie3 which establish 
definite relationships among the \-arlous object colors. 

The dependence of color constancy* on the ratios of light reflected 
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from adjacent surfaces is pointed up by the following e^en'ment. 
In an other%vise darkened room, a bright beam of light is directed 
at a black disk (low albedo). This beam of light illuminates the 
disk and nothing else. An observer viewing the disk reports it^ as 
white. If-Sr-Cxperimenter holds a small strip of white paper (high 
albedo) in front of the disk and in the beam of light, the observer 
sees a highly illuminated black disk and a white piece of paper. As 
soon as the strip of paper is removed, the disk again appears as 
white. The presence of the white strip of paper serves to establish 
that ratio of light intensities reflected from adjacent surfaces re- 
quired for the perception of the white and the black. Without the 
white paper this ratio is established by the illuminated disk and the 
dark background of the room. 

Procedures for Measuring Color Constancy. The essentials 
of a typical color constancy experiment are contained in the example 
represented by Fig. 42c. Typically, two surfaces under different il- 
luminations are compared and equated with respect to their object 
color. To accomplish this, the albedo of one of the surfaces is 
varied until the perceived object colors of the two surfaces are the 
same. For example, a color wheel with a gray disk (the standard) 
is rotated under poor illumination. Another color wheel, with black 
and white disks interleaved on it, is rotated in direct, good illumina- 
tion. The proportions of black and white are adjusted until the re- 
sulting gray is as near as can be to that of the standard. Most ob- 
servers agree that a perfect match cannot be made. The difference 
in illumination is, of course, perceived and imparts a qualitative 
difference to the two disks. 

It is only rarely that the albedos of the tsvo matched disks will be 
the same. In other words, color constancy is usually not complete. 
Typically, the disk in high illumination is set at a lower albedo 
value than the disk in low illumination, and thus reflects a smaller 
fraction of the incident light. In spite of its lower albedo, the highly 
illuminated disk still sends a greater absolute amount of light to 
the eye than the disk in shadow. The match neither equates the 
albedos nor does it equate the absolute amounts of light reflected. 

A match based on the absolute amounts of light reflected from the 
^vo disks can however, be obtained under the following conditions.- 
A screen with a viewmg hole is placed between the observer and 
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the disks. The screen is so arranged that the obsener can sec only 
a patch of each of the two disks. Tin's screen is called a rrdwrtfon 
screen because it reduces the visible field to two palclies with a 
’Common surround, viz., the screen. Wlien the two test objects are 
provided with a common surround, the ej-e can bfTuIeo a's a photo- 
metric instrument to match the two li^it intensities. It is often 
startling to the obsenrr when the reduction screen is removed and 
he finds that he lias matched as equal In brilliance what now appear 
to be a near-white disk and a black disk. 

Let us reconsider the difference between the two viewing situa- 
tions-wiih and without reduction screen-as regards the ratios of 
intensities reflected from the disks and llicir surrounds. With the re- 
duction screen, an equation of the two light intensities insures tliat 
the ratio of light reflected from the disk to the light reflected from 
the surround is the same for both test objects. When the reduction 
screen Is removed, wc do not alter the Intensifies of light reflected 
from the two disks. However, the intensities of light reflected from 
ihcir surrounds are now considerably different. Therefore, the ratios 
in question luvc changed and the disk in high illumination now 
ap^ioars black. A perfect match walh respect to object color would 
now require that we Increase the intensity of light from the disk in 
high illumination (ie., increase its alliedo) so that the two ratios 
would again be equal Actually, color constancy’ is not complete and 
the colors of the two objects wall oppc.ir the same before the ratios 
liave rcacfied equality Tlie match is n compromise Ix’tvvecn rqiial 
light intensities and equal albedos 

A Quantitative Index of Constancy. Wc can express the dt‘- 
grcc of color constancy bv an index which shows where the match 
falls on the scale between equal stiimihis intensities and equal 
albedos. A match b.ised on equal stimulus Intensities would mean 
7 cro constancy. A match liased on exactly equal alliedos would 
mean complete constancy Actually, most obfainetl matches fall 
somewhere between these two exlrrmes. Let r be the allierlo of the 
disk under low illumination Let a represent the alliedo of the disk 
under high Illumination required fora match uithput the reduction 
screen. Let p represent llie albedo of the disk under high illumina- 
tion required for a match u'ifb the reduction screen. Tlius, a and p 
represent the albedos of the object under high illumination re- 
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from adjacent surfaces is pointed up by the following e^enmeht. 
In an otherwise darkened room, a bright beam of light is directed 
at a black disk (low albedo). This beam of light iUuminates tire 
disk and nothing else. An observer viewing the disk reports it^ as 
white. If 'Srrrxperimenter holds a small strip of white paper (high 
albedo) in front of the disk and in the beam of light, the observer 
sees a highly illuminated black disk and a white piece of paper. As 
soon as the strip of paper is removed, the disk again appears as 
white. The presence of the white strip of paper serves to establish 
that ratio of light intensities reflected from adjacent surfaces re- 
quired for the perception of the white and the black. Without the 
white paper this ratio is established by the illuminated disk and the 
dark background of the room. 

Procedures for Measuring Color Constancy. The essentials 
of a typical color constancy experiment are contained in the example 
represented by Fig, 42c. Typically, two surfaces under different il- 
luminations are compared and equated with respect to their object 
color. To accomplish this, the albedo of one of the surfaces is 
varied until the perceived object colors of the two surfaces are the 
same. For example, a color wheel with a gray disk (the standard) 
is rotated under poor illumination. Another color wheel, with black 
and white disks interleaved on it, is rotated in direct, good illumina- 
tion. The proportions of black and w'hite are adjusted until the re- 
sulting gray is as near as can be to that of the standard. Most ob- 
servers agree that a perfect match cannot be made. The difference 
in illumination is, of course, perceived and imparts a qualitative 
difference to the two disks. 

It is only rarely that the albedos of the two matched disks will be 
the same. In other words, color constancy is usually not complete. 
Typically, the disk in high illumination is set at a lower albedo 
value than the disk in low illumination, and thus reflects a smaller 
fraction of the incident light. In spite of its lower albedo, the highly 
illuminated disk still sends a greater absolute amount of light to 
the eye than the disk in shadow. The match neither equates the 
albedos nor does it equate the absolute amounts of light reflected. 

A match based on the absolute amounts of light reflected from the 
hvo disks can however, be obtained under the following conditions.- 
A screen with a viewing hole is placed between the observer and 
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the clisla. TJic screen is so arranged lliat the obsen'cr can see onlv 
a patch of each of tlie two disLs. Hiii screen is called a rcducllon 
screen because it reduces the \-isible field to two palclies with a 
' common surround, viz., the screen, \\7ien the tw-o test objects are 
provided with a common stirround. the eye can IxTusi-oS a photo- 
metric instrument to match the two light intensities. It Is often 
startling to the ohsener when the reduction screen is removed and 
he finds that he lias matclu'd as equal in brilliance what now* appear 
to be a near-white disl and a bLick disk. 

Let us reconsider the difference between the two viewing situa- 
tions-with and wathout reduction serren-as rcgartli the ratios of 
intensities reflectid from the disks and their surrounds. With the re- 
duction screen, an (-quation of the two light intensities insures that 
the ratio of light reflected from the disk to the light reflectnl from 
the surround is the same for Ixith test objects. Wlien the reduction 
screen is removed, we do not alter the intensities of light rcflcctetl 
from the two disks. However, the intensities of light reflected from 
their surrounds are now considerably dilTercnt. Therefore, the ratios 
in question have changed and the disk in high illumination now 
appears black A perfect match with respect to object color wotild 
now require that wo increase the intensity of light from the disk m 
high Illumination (le. mercase its alliedo) so that the two ratms 


light intensities and equal albedos 

A Quanliiatisc Index of Consiancv. \\r can sjpnvs itn d* 
grec of color constanev* bv an index which shows ulicrr tlu m if« li 
falls on the scale bclwern crjual stimulus mtrnsities and i<ju.il 
albedos. A match based on eijua! stimulus intensities wimld nu-.in 
zero constancj’. A match based on e*.uilv e(jii.il .dtMtiiis would 
mean complete constanev .Acluallv. most ohf.nm**<i m.itifii*% i til 
somewhere between these two extmncs l,«*t r |)e the .iIlntlo of d" 
disk under low illummalion Let a represent the .illietio of tfji di'V 
under high illumination required for a mafih n ithinil tin ntlm li"ii 
screen. Let p represent the allhdo of thi disk under liu:li illuiiiin.i 
lion required for a match tnfh the itdtulinn screen Thus « and /> 
represent the albedos of the object under high illumination re- 



expebimental psychology 

quired to make the two types of matches. Constancy can then be 
expressed by means of the following index: 


c = 100 


a~p 

f-P 


If two matches (with and without reduction screen) require the 
same albedos for the disk under high illumination, a equals p, and 
there is no constancy (c = 02). If, without the reduction screen, the 
albedo of the disk under high illumination is the same as that of tlie 
disk under low illumination, fl equals r, and there is perfect con- 
stancy (c = 100?).^ 

Constancy and Learning. Mhen the phenomena of color con- 
stancy first came under consideration, an explanation was attempted 
by invoking the influence of past experience. Thus, the coal was 
said to appear black and the towel white in spite of changes in 
illumination because the individual knew that coal was black and 
towels white and had learned to discount changes in illumination. 
This explanation breaks down when test objects such as disks are 
used, for which past experience provides us svith no definite ex- 
pectation as to object color. 

The possibility remains open that organisms do learn to some 
extent to discount illumination changes in making judgments of 
object colors. D egree of color constancy has been investigated xM th 
subjects ^ of diflterent ages . Under some experimental conditions— 
for example, with the arrangement of two color wheels discussed 
above— substantial increases in percent constancy as a function of 
age have been reported. The principal change in the amount of 
color constancy appears to occur about age six. Nevertheless, con- 
siderable constancy can be obtained with very young subjects and 
even mth animals as low in the phylogenetic scale as the fish. That 
color constancy can to some extent be learned, may be sbovrai by 
specific training procedures. In some experiments on color con- 

1 Ue logarithms of the values in the formula are often used and c is ob- 

tainpri from! 


Since brilliance tends 
stimulus, this formula 
color constancy. 


(log a — log p) 
flog r- log p) 

to vary in propo^on to the logarithm of the physical 
o ea been found convenient in determinations of 
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itanc)', bimodal distributfons of color matches were Initially o!>* 
taincd. Tlie matches made by some subjects came close to an equal- 
ity of allKtlos. Matches made b)* other subjects shfnsrd little 
constancy. Use of espheit training; imtnictions made it possible to 
change the matching responses of both groups, In one tlTsi; decreas- 
ing, and in the other, Increasmg the as-crage percent constancy. An 
Interesting observation rcle\-ant here Is the fact lliat some artists 
who try to represent faithfully the stimulus values of objects were 
found to show below a\-crage color constancy. Altljough learning 
to discount tfie effect of illumination is thus a demonstrable de- 
terminant of color constancy, it is certainly not the only one, and 
probably not Uie principal one. 

Color Conti\ast 

Tlic importance of the rcblion among adjacent areas for the per- 
ception of color has become clear In o»ir discussion of color con- 
stancy. Another grotip of sisual phenomena, those of color confrasf, 
arc produced by changes in the relation of adjacent areas in the 
visual Held. Wc may define contrast as changes in the hrilltance 
and/or htie of a icsi region due to the characteristics of an irulucinf> 
region. When we study the contrast between adjacent areas, both 
the test region and the Inducing rep'on are simultaneously present 
in the visual Geld. In such cases we speak of simullancotit contrast. 
Another type of contrast results from the successiN-c stimubtion of 
the same retinal area by different test patches and surrounds. Tlie 
afterimage is one example of sueccssicc contrast. In this section wc 
shall confine our discussion to simultaneous contrasL 

Achromatic Contrast 

If we cut two small test patches from a sheet of light gray paper 
and put one on a white background and the other on a black back- 
ground, the two gray patches will no longer look alike. Tlie one 
placed on a white background will look darker than its twin on a 
bbek ground. Tlie two inducing regions, one white and one black, 
hasT affected tlie pcrccisTd color of each test patch. The change 
in tlie color of the test patch Is aw’ay from the color of the inducing 
arex WTiite darkens tlie gray and bbek lightens it. 
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The degree of achromatic contrast is a function of several deter- 
minants which can be experimentally varied. 

Texture and Contours. The more apparent the texture or 
microstructure of the test patch and surround, the less the contrast 
obtained.THs for this reason that contrast is more marked when a 
sheet of thin transparent tissue paper is spread over the induced 
and inducing regions. Another way in which the texture may be 
lessened and contrast enhanced is by use of color wheels. If the 
gray test patch is a small disk at the center of the color wheel with 
a large ring of white surrounding it, rotation of the'wheel washes 
out the texture and increases the contrast effect. 

Related to the influence of texture is the influence of the sharp- 
ness of contours. If the induced and inducing areas are separated 
by sharply defined boundaries so that the two regions have the 
characteristics of object colors, the degree of contrast is diminished. 

Brightness Difference Between Inducing and Test Areas. A 
large difference in brightness between the inducing and the test 
areas results in greater contrast than is obtained with a smaller 
brightness difference. A medium gray is darkened more by a white 
than by a light gray. In general, the greater the photometric differ- 
ence in brightness between two adjacent areas, the greater the 
resulting contrast. 

Size of Test Patch and Surround. Tlie greatest contrast effect 
is obtained if the test area is small and the inducing area is large. 
Increases in the size of the test patch and decreases in the size of 
the inducing area both serve to reduce contrast. 

Gradient of Contrast. The contrast effect is most marked 
where the test patch makes contact with the inducing area. The 
contrast diminishes with the distance from the edge of the test patch. 

Black. The perception of black is a phenomenon related to 
achromatic contrast. Black is a surface color and not the absence 
of stimulation. Black surfaces typically have a low albedo value. 
The surround of such a surface of low albedo is an important 
determinant of the degree of blackness that is seen. In high illumi- 
nation, a low albedo surface surrounded by another surface with 
low albedo will not appear very black. Under what conditions do 
we see a good black? The blackest black can be obtained by em- 
ploying both successive and simultaneous contrast. To obtain sue- 
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ccssiv-c contrast, we steadily fixate a brightly fliuminated white sur- 
face with a bbck surround, and llien turn our gaze to a scb-ety 
black surface (same size and »hap»- as the white one) surrounded 
by a white field under low illumination. The black surface with a 
white surround under Imv illumination creates simtllTaneous con- 
trast. It is by utilizing the two ^pes of contrast that the bbekest 
black is seen. 

Chromatic Confrori 

Chromatic colors, as wtII as achromatic ones, can give rise to 
simultaneous contrast As a first demonstration, let us take a gray 
test patch and put it on a well saturated blue Geld. The gray patch 
takes on a distinctly yellowish tinge which is most marled at the 
edge of the lest patch adjacent to the blue ground. Tlie blue field 
has Induced its complementary, yellow, onto the neutral test ptch 
Although chromatic contrast can best be demonstrated with a 
neutral tost palcli. simiiUancous contrast effects can obo be obtained 
if both the inducing field and the test field are chromatic For 
example, when wc haw a yellow surrounded b> a red. the >elIow 
will tale on a bluish green (complcnicnlar>- of red) and the red 
will take on a bluish tinge (complcmentar)- of \rlluw ) 

Chromatic contrast, like acliromatic contrast, is a joint function 
of several determinants. 

Saturation of Test Paicli and Surround. Cliroin.ilic contrast 
is maximal if the inducing field is rulilv $ulur.il»-d and the test 
patch is poorly saturated A test field of zero satunitiun, i c.. a gray, 
results in the highest degrev of ihromjtic contrast 

Brightness Difference Between Inducing and Test Areas. 
Cliromatic contrast is greatest when the inducing and test areas are 
of equal brightness. A bnghtnrss difference bctw’ccn the two areas 
sciN-es to reduce the contrast as compared with the condition of 
equal brightness. 

Texture and Contours. Chromatic contrast, like achronutic 
contrast, is resisted by areas that ha\e clear surface color or marled 
texture. Again, the presence of well-marked contoun decreases tf** 
amount of contrast as the following demonstration shows. 

In Fig- 43, we see a field dnided in half with one side red 
the other green A gray nng ties m the center of the figure ^ 
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half is on red and half is on green. When no dividing line is present, 
i.e., when there is a complete ring, the ring is seen as^ gray and is 
not tinged due to chromatic contrast. When the dividing line is 
drawn, as shown, in the hgure, the semicircular ring on the green 
field talce s * <? ? i*a fSddish tinge and the other half of the ring, which 
lies on the red field, takes on a bluish-green tinge. According to 
one explanation of this phenomenon, the complete ring is a well- 
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Fig. 43. The Dependence of Chromatic Contrast 
on Contour. For e.xplanation, see text. (From K. 

Koifka, Principles of Gestalt psychologij, 1935, p. 

134, by permission of Hareourt, Brace and Com- 
pany, Inc.) 

organized unit which resists change. The dividing line disrupts tlie 
spatial unity of the ring, and the contrast effect appears. 

Size of Test Patcli and Surround. As far as size relations 
between the two areas are concerned, chromatic contrast is greatest 
if the test patch is small and if the inducing field is lar^e. 

Gradient of Contrast. One final parallel between chromatic 
and achromatic contrast may be pointed out. For a given viewing 
condition, chromatic contrast is greatest at the margin of the test 
area where it makes contact with the inducing field. 
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Experiment VIII 
Color Constancy 

Purpose. To demonstrate and measure color constancy with achro- 
matic surfaces. ’ — 

Materials. Two color wheels, white and blaci: color disks, a shadmv 
caster, a reduction screen, and a lamp are the required materials. The 
shadow caster is merely a rigid, fiat, upright surface which is placed so 
that it casts a shadow on a color wheel 

Procedure. On a table set against a wall, two color wheels are 
mounted side by side. One of the wheels is illuminated by the lamp. The 
shadow caster is placed between the two wheels so that it casts a shadow 
on the second wheel. On the wheel in the shadow, black and white disks 
are interleaved. 40 percent white and 60 percent black. This ratio re- 
mains fixed for a given set of observ’ations. Black and white disks are also 
interleaved on the Uluminated wheel, but the proportions on this wheel 
are to be ad]usted to obtain a match 

In the first part of the experiment, the subject's task is to match the 
black-white mixtures on the two wheels with respect to grayness (object 
color). The proportions on the iDuminated disk are changed as indicated 
by the subject until a satisfactory match is obtained. During this match, 
the subject has full view of the two wheels and the adjacent parts of the 
table and wall. The amounts of white and black required for the match 
are recorded. Several matches should be obtained under these conditions. 
For half of these determinations, the illuminated disk should be initially 
much too light and the proportion of black increased until the subject 
is satisfied >viih the match For the other half of the detenninations, start 
with the illuminated disk much too dark and increase the proportion of 
white until the match is made 

In the second part of the exi»enment, a reduction screen is placed in 
front of and near tlie subject s eyes The boles in the screen should be so 
placed that only patches of the disks can be seen Again, the proportions 
of black and white on the illuminated disk are adjusted until a match 
with respect to brilliance is made Sewral determinations should also be 
made of the reduction screen match. At the end of this procedure, the 
reduction screen is removed and the subject again has an open view of 
the two color ivheels. 

Treatment of Results. On the basis of the matches made in the hvo 
parts of the experiment, the index of constancy is computed. 
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where r stands for the percentage of white on the disk in low illumina- 
lion; a is the percentage of wliitc on the illuminated disk required for a 
match without the reduction screen; and JJ is tlie percentage of white on 
the illuminated disk required for the reduction screen match. 

The reader may note that we have substituted percentage' of white 
for albedo (sec discussion of this index oh p. 153). We are making tlie 
assumption that the black reflects no light. This assumpUon is not cor- 
rect, since even a good black reflects some light. One degree of white re- 
flects approximately as much light ns 60 degrees of black. To simplify 
the computation of the constancy index wc will disregard this fact. 

ExPEniMENT IX 

Demonstoation of Achromatic aot> Chromatic Contrast 

Purpose. To observe some phenomena of contrast. 

Materials. A scries of squares of gray paper graded in size from H 
inch square to 2 inches square arc prepared. In addition, there are series 
of black, white, red, yellow, green, and blue squares. Each series of these 
latter squares should range in size from 3 inches square to 6 indies 
square. A sheet of white transparent tissue paper is also needed. 

Procedure. For the demonstration of achromatic contrast, wo place 
a white square and black square of the same size side by side. In Uie 
center of eacli of these inducing fields, wc place a gray square, which is 
of the same size in both fields. Then wc cover the whole area with the 
tissue paper. A comparison is then made of the color of tlie two test 
patches. Tliis procedure is followed for the various combinations of sizes 
nf test patch and inducing field. The degree of contrast observed using 
lifferent size relations is noted. 

For chromatic contrast, the gray test patches are placed upon cliro- 
nalic inducing fields and covered with tissue paper. Various combina- 
ions of sizes of test patcb and surround arc again viewed. For caeli 
hromatic field and for each size combination, the observations are re- 
:ordcd. Compare the effect obtained with and ivithout tlie use of tissue 
inner. 
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THE individual continually adjusts himself to the objects in his 
environment. He responds, often witlr amazing accuracy and speed, 
to tire specific things surrounding him. All of us take the presence 
of diese tilings and objects for granted. In our everyday life, we 
continually react to tlieir properties— their size, their pattern, their 
location, and their meaning— and yet we only rarely make explicit 
judgments about these properties. As one ps}'chologist has expressed 
it, speaking about things seen in tlie environment, tliese things 
"simply were there outside, and ... I had no suspicion whatever 
of their being the effects of sometliing else upon ‘me.’ 

The perception of things and objects poses a complicated prob- 
lem for the psychologist. Obviously, the visual perception of an 
object is impossible without an optical image oil the retina. On the 
retina, the object is represented by a continually clianging pattern 
of discrete stimulations. This pattern may best be thought of as 
composed of gradients of stimulation. Ordinarily, ever)' part of the 
retina is stimulated to a greater or lesser extent; different objects 
in the visual field cause different levels of excitation or gradients. 
How is it that tliese highly complex gradients of stimulation on the 
retina gii'e rise to those processes which finally result in the percep- 
tion of a relatively stable and richly wiried environment of things 
and objects? That, in essence, is the problem to which the study of 
the perception of fonn addresses itself. 

Figure axd Ground 

^ When Our environihent produces perfect homogeneous stimula- 
tion of the visual receptor surface, we do not see objects and things. 
It is gradients of stimulation on the retina which produce objects 

> W. KoWcr, Gcstall Psychology, New York; Lis’erigijt, 1929, p. 21. 
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standing out from their environment. Our visual field, moreover is 
not completely filled with objects. Objects and things appear as 
figures against a ground. 

The Experience of Figure and Ground 
The fundamental distinction between figure and ground is well 
borne out by experience. Our visual field readily divides itself into 



Fig. 44. Reversal of Figure and 
Ground The figure may be seen as a 
black Maltese cross against a white 
background or as a white propeller 
against a black background. (From 
George W. Hartmann. Gestalt psy- 
chology, p 25. Copynght 1935, The 
Ronald Press Company.) 

a broadly expansive ground and a sharply delineated figure. A car 
may stand out as an impressive figure against a vague landscape 
which constitutes the ground, and so may an airplane seen against 
the sky. Such properties of figures and grounds may best be illus- 
trated with the aid of simple figures. 

Let us look at Fig. 44. This figure consists of black and white 
surfaces. The black surfaces may be seen as a Maltese cross against 
a white background, or the white surfaces may form a white pn>- 
peller against a black background. For most observers, both percep* 
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THE individual continually adjusts himself to the objects in his 
environment. He responds, often with amazing accuracy and speed, 
to the specific things surrounding him. All of us take the presence 
of these things and objects for granted. In our everyday life, we 
continually react to their properties— their size, their pattern, their 
location, and their meaning— and yet we only rarely make explicit 
judgments about these properties. As one psychologist has expressed 
it,' speaking about things seen in the environment, these things 
“simply were there outside, and ... I had no suspicion whatever 
of their being the effects of something else upon 'me/ 

The perception of things and objects poses a complicated prob- 
lem for the psychologist. Obviously, the visual perception of an 
object is impossible without an optical image oil the retina. On the 
retina, the object is represented by a continually changing pattern 
of discrete stimulations. This pattern may best be thought of as 
composed of gradients of stimulation. Ordinarily, every part of the 
retina is stimulated to a greater or lesser extent; different objects 
in the visual field cause different levels of excitation or gradients. 
How is it that these highly complex gradients of stimulation on the 
retina give rise to those processes which finally result in the percep- 
tion of a relatively stable and richly varied environment of things 
and objects? That, in essence, is the problem to which the study of 
the perception of form addresses itself. 

Figure and Ground 

^ When our enviromhent produces perfect homogeneous stimula- 
tion of the visual receptor surface, we do not see objects and things. 
It is gradients of stimulation on the retina which produce objects 

I W. Kolilcr, Gcstall Psycliologij, New York: Liverieht 1929 u. 21 
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standing out from the^ environment. Our visual field, moreover, is 
not completely filled with objects. Objects and things appear as 
figures against a ground. 

The Experience of Figure and Ground 
The fundamental distinction between figure and ground is well 
borne out by experience. Our visual field readily divides itself into 



Fic. 44. Reversal of Figure and 
Ground. The figure may be seen as a 
black Maltese cross against a white 
background or os a white propeller 
against a black background. (From 
George \V. Hartmann. Gestalt pry- 
chology, p 25. Cbpyright 1935, The 
Ronald Press Company ) 

a broadly expansive ground and a sharply delineated figure. A car 
may stand out as an impressive figure against a vague landscape 
which constitutes the ground, and so may an airplane seen against 
the sky. Such properties of figures and grounds may best be illus- 
trated with the aid of simple figures. 

Let us look at Fig. 44. This figure consists of black and while 
surfaces. The black surfaces may be seen as a Maltese cross against 
a white background, or the white surfaces may form a white pro- 
peller against a black background. For most observers, both percep- 
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tions are possible and alternate in time. Whi^ever of these two 
figures stands out has certain properties which the reader may 

L ^TheSre stands out in front, and the ground extends behind it. 
2. The figure has more form or structure than the ground. The 
black Maltese cross, when seen as the figure, is clearly outlined 

against a white background. _ . t i 

Most observers agree that the figure is more impressive, hvely, 

and substantial than the ground. 


3. 



Closed Design Open Design 

. Fig. 45. 

* 4. Thus, the figure appears more readily as a thing or object than 
does the ground. 

Some Detenninants of Figure-Ground Segregation 

A full description of the processes which lead to the segregation 
of figure from ground is not yet possible. Some determinants, how- 
ever, have been experimentally established. 

Size. When there are two distinct areas lying one within the 
other, the smaller of the rivo tends to be seen as the figure. The 
ready reversal of figure and ground characteristic of Fig. 44 is due 
in part to die fact diat the black and white surfaces are equal in area. 

Completeness of the Figure. A closed design is more readily 
seen as a figure than an open one. Once seen as a figure, the closed 
design shows the various properties of a figure to a more striking 
degree. Fig. 45 illustrates this point. 

Brightness Difference. Brightness difference between figure 
and ground facilitates the segregation. We are dealing here with one 
of the most important determinants of figure-ground segregation. 


PEBCEPTION OF FOEM ]eS 

If Die surfaces In Fig. 44 u-cre of only slightly different sliadcs of 
gray instead of being black and svhite, the Cgurc «-ould iiol stand 
out as clearly from the ground as Jl docs. 

Hue Difference. Difference in hue fncilifales figure-ground 
formation. Certain hues arc more effective tlian others in producing 
a figure. A red field, for e.\amplc, will stand out more clearly from 
a gray background than \WU a blue one. 

Length of Exposure Time. The clearness tvilh which n figure 

'time 

After 

- i «ually 

report the first indication of a figure-ground rd.itionship. As the 
time oi exposure is lengthened, other properties emerge. Continu- 
ous and enclosed contours arc recognized; the figure begins to pro- 
trude and the ground to recede. In general, the longer the c-sposuro 
time, the better the figure-ground relationship is articulated. 

These factors, singly or in combination, do not fully determine 
the segregation of figure from ground It is true that they describe 
important and reliable conditions for the fonnation of visual figures. 
Such factors as attitude, previous experience, and practice, liow- 
ever, may c/fher weaken or strengthen tire operation of the abo^-o 
detenninants. It must be emphasized again tliat the formation of a 
figure is tJje rcsult.int of a highly complc-v process which cannot be 
exhaustively described by a few general principles. 

The Functional Properties of Figure and Groruiff 
Visual inspection shows striking differences between figure and 
ground, but experimental analysis is required to reveal fiincllon.at 
differences that are not immediately apparent by mere inspection. 
The differences between figure and gromul manifest themselves by 
measurable effects on other psychological variables 
Threshold for the Detccrion of Color. Tho minimum inten- 
sity required for the detection of a color varies willi the nature of 
the field on ivhicii fiic color Is pro/cctctl. Suppose n patch of red 
hght is thrown on a design whicli may bo seen ns either figure or 
ground in a complex configuration. A greater intensity of light 1* 
required for the detection of the red patch when the design is seen 
as a figure than when it is seen as o ground. This finding has been 
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tions are possible and alternate in time. ^Vlp^ever of these two 
figures stands out has certain properties which the reader may 

1. T^e fi^re stands out in front, and. the ground extends behind it. 

2. The figure has more form or structure than the ground. The 
black Maltese cross, when seen as the figure, is clearly outlined 


against a white background. _ . , 

3. Most obserr’ers agree that the figure is more impressive, hvely, 

and substantial than the ground. 



Closed Design Open Design 

, Fig. 43. 

4. Thus, the figure appears more readily as a thing or object than 
does the ground. 

Some Determinants of Figure-Ground Segregation 

A full description of tlie processes which lead to the segregation 
of figure from ground is not yet possible. Some determinants, how- 
ever, have been experimentally established. 

Size. When there are Lvo distinct areas lying one within the 
other, the smaller of the two tends to be seen as the figure. The 
ready reversal of figure and ground characteristic of Fig. 44 is due 
in part to the fact that the black and white surfaces are equal in area. 

Completeness of tlie Figure. A closed design is more readily 
seen as a figure than an open one. Once seen as a figure, the closed 
design shows the various properties of a figure to a more striking 
degree. Fig. 45 illustrates this point. 

Brightness Difference. Brightness difference between figure 
and ground facilitates the segregation. We are dealing here with one 
of the most important determinants of figure-ground segregation. 
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If the surfaces in Fig. 44 were of only slighUy different shades of 
gray Instead of being hlacl: and while, the figure would not stand 
out as clearly from the ground as it does. 

^ Hue Difference. Difference in hue facilitates figure-ground 


Length of Lxposure Time. The clearness wth which a figure 
is perceived against a ground depends in part on the length of time 
for which an observer may view the stimulus configuration. After 
the exposure of a stimulus for 10 milUseconds, observers usually 
report the first indication of a figure-ground relab'onship. As the 
time of exposure is lengthened, other properties emerge. Continu- 
ous and enclosed contours are recognized; the figure begins to pro- 
trude and the ground to recede. In general, the longer the exposure 
time, the better the figure-ground relationship is articulated. 

These factors, singly or in combination, do not fully determine 
the segregation of figure from ground. It is true that they describe 
important and reliable conditions for the formation of visual figures. 
Such factors as attitude, previous experience, and practice, how- 
ever, may either weaken or strengthen the operation of the above 
determinants. It must be emphasized again that the formation of a 
figure is the resultant of a highly complex process which cannot be 
exhaustively desenbed by a fmv general principles. 

The Functional Prcperiics of Figure and Ground 
Visual inspection shows striking differences between figure and 
ground, but experimental analpis is required to reveal functional 
differences that are not immediately apparent by mere inspection. 
The differences between figure and ground manifest themsch’es by 
measurable effects on other psychological variables 

Threshold for the Detection of Color. The minimum inten- 
sity required for the dctecrion of a color varies with the nature of 
the field on which the color is projected. Suppose a patch of red 
light is thrown on a design which may be seen as either figure or 
ground in a complex configuration. A greater intensity of light is 
required for the detection of the red patch when the design is seen 
as a figure than when it is seen as a ground. This finding has been 
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interpreted to mean that a figure is more resistant to change in its 

perceptual character than is a ground. , . .i, . 

Ckilor Constancy. As we have seen, objects tend to retain their 
color in spite of changes in illumination. As illumiiiation changes, 
the object color of a design is affected less if tliis design is seen as a 
figure than if it is seen as a ground. Again, the figure is more 
resistant to perceptual change. 


Bluish , 
Green 



Yellow 



Bluish 

Green 


Yellow 




Yellowish 

Green 



Yellow 


Bluish 

Green 




Yellow 



Bluish 

Green 


Fig. 46. The Dependence of Apparent Color on 
the Spatial Characteristics of the Design. The color 
of the center dot depends on whether the yellow 
plus sign or the blue-green multiplication sign is 
figural. (From W. D. Elh’s, A source book of Gestalt 
psychology, 1938, p. 100, by permission of Routledge 
and Kegan Paul, Ltd. After Fuchs, 1923.) 


Apparent Color. Apparent color may be influenced by the 
spatial characteristics of a design. Fig. 46, for example, consists of 
three rows of colored dots. Observers may see a yellow plus sign 
against-a ground of blue-green dots, or a blue-green multiplication 
■ sign against a yellow ground. The apparent color of the greenish- 
yellow dot on tlie center may depend upon which of tlie two designs 
is figural: when the plus sign stands out, the center dot is pre- 
dominantly yellow; when the blue-green multiplication sign stands 
out, the center dot is predominantly blue-green. 



PERCEPTION OF FORM 167 

Penistence in Memory. Suppose that alfemafiVe figure-ground 
relationships are possible, as is the case m Fig. 44. If one of these 
alternatives is perceived at a given time, it is likely to be perceived 
again when the stimulus is presented at a later time. That which 
has been seen as figure on the first presentation will tend to be seen 
as figure again. 

Such findings make it clear that the concepts of figure and ground 
refer not only to reported visual experience but also to a set of 
functional relab'onships which need to be demonstrated by experi- 
mental manipulation. 

PEnCEPTUAL GrOUPINC 

The segregation of figure from ground is a primary condition of 
perceptual organization. But our visual field does not usually con- 
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F^c. 47. The fWndple of Prot- 
imity in Perceptual Grouping. 
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Fic 48. The ftinciple of Similar- 
ity in Perceptual Grouping. 

sist of a single object against a homogeneous background. Ordi- 
narily, there are many objects simultaneously present in the visual 
field. These objects tend to be perceived in groups. Sucli perceptual 
,• t in part, by cer- 

. . . ■ . I . . . ; n best be illus- 

■ . • ■' '■ ' I • some of these 

principles: 

Proximity. Objects are often gmuped according to the distance 
ivhfch separates them from each other. Objects dose together lend 
to be seen as a group. When several groupings are possible, that 
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one wU tend to be favored which mil make the average distance 
among the members of the group as small as possible. Tins prin- 
ciple is iUustrated in Fig. 47. We readily group dots a and c and 
d, e and f, but 'only with great difficulty can we achieve the group- 
ings b and c, d and e. 1 j. . 1 . j 

Siinilsrity. If a configuration comprises several distinct kinds 
of stimub, those which are alike will tend to be grouped together. 
In Fig, 48, the principle of proximity would predict no grouping 
since all the items are equidistant. Yet, grouping clearly occurs: the 
like dots form one constellation and the like circles another. 


e 



e c 


Fig. 49. Common Direction as a 
Principle of Perceptual Grouping. 



Fig. 50. An Illustration of the 
Principle of Closure. 


Direction. When individual stimulus items fall along a straight 
line or along a simple curve, they will tend to be grouped together 
even though such grouping may be contrary to the principle of 
proximity. The common direction followed by a series of items 'is 
the basis of grouping. In Fig. 49, we readily segregate a straight 
line and a semicircle as forming two distinct groupings. Clearly, 
however, several dots belonging to the straight line are nearer to 
some dots on the semicircle than they are to some of the dots on 
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the straight line. In this case, tfien, the prindple of direction o% er- 
rides the principle of protimity. 

Closure. In many cases, grouping tends to favor simple closed 
designs. This principle of closure is illustrated in Fig. 50. Here we 
see two overlapping completed figures instead of seeing three en- 
closed areas. If the area of overlap were seen as distinct, then both 
the "ellipse” and the “rectangle* would be broken and incomplete. 
Instead, the overlapping area is perceived as belonging to both, 
giving rise to two simple and completed figures. 

The principles listed above are by no means exhaustive. Again, 
such factors as attitude and past experience are often operative. 
Moreover, as we have seen, these determinants may operate in 
conjunction or in opposition to each other. Proximity may at times 
outweigh similarity, and direction may override proximity. Quanti- 
fication of these factors has not as yet been achieved. 

Form Constancy 

We have already seen (in connection with color constancy) how 
perceptual e.xpenence tends to be more stable than could be pre- 
dicted from a simple analysis of the physical stimulation alone^ 
Changes in illumination do not result m corresponding propor- 
tional changes in perceived color. The perception of form e.xhibits 
similar stability. The geometrical form of tJic retinal unage con- 
stantly changes as we move about with respect to the object. The 
image proj'ected on the retina by a circular plate lying before us 
on the table is actually elliptical in form. The exact form of this 
ellipse, moreover, varies with ev'cry movement of the head. Yet the 
plate does not vary in apparent shape— it remains circuLir. This 
phenomenon illustrates another kind of constancy— form constancy. 

Geo.metbicai, Illusions 

Perception seems to mirror the properties of the object with 
amazing fideUty. To os, our perceptual c.xpericnce appears to repre- 
sent the external world with a high degree of accuracy. For a long 
time the simple view prevailed that the retinal image is a faithful 
reflection of the physical stimulus, and that the percepUon, in turn, 
is an accurate copy of this retinal image. In this way, the accuracy 
of perception was thought to be explained. To those who held this 



170 


experimental psychology 


view, the optical illusions presented a problem of special interest 
and challenge. For here were experiences which obviously failed to 
represent accurately ihe physical object and its image on the retina. 
The optical illusions were treated as puzzling exceptions to the 
general laws of perception, and special principles were sought to 
explain them. 

Modem thought about perception necessarily rejects this naive 
view of the illusions. One thing stands out clearly from what we 
know about perceptual processes: visual perception is not a copy 
of the retinal image. The retinal image is only a first step in the 
perceptual processes; it is, as it were, the raw material out of which 
visual experience is shaped. Thinking back to such a phenomenon 
as color constancy, we also recall that the perception of an object 
depends not only on its retinal image but on the stimulation of 
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Fig. 51. The Sanders Parallelogram— An Illusion of Extent. The two 
diagonals are equal in length. (From George W. Hartmann,- Gestalt 
psychology, 1938, p. 85. Copyright 1935, The Ronald Press Company.) 

the total visual receptor surface. An illusion, then, presents no 
more and no less of a problem than a so-called accurate perception. 
In both cases, there is an image on the retina which gives rise to 
a further series of processes resulting in the final reportable percep- 
tion Boring wrote, 'Tn the sense that perception is normSly de- 
pendent upon subjective factors as weU as upon the stimulus, all 
perception is ‘illusory’ in so far as it does not precisely mirror the 

stimulus. In Ais broad sense the term illusion becomes practically 
meaningless. ® ^ 
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Examples of Illusions 

The study of illusions, however, stil! has a certain value. Illusions 
serve as rather striking illustrations of the way in which "subjective" 
facton, as well as the physical properties of the stimulus, determine 
perceptual experience. 

Two general kinds of illusions have often been distinguished: 
illusions of extent and illusions of direction. 

Illusions of Extent. An Illusion of extent arises when hvo 
physically equal stimuli are fudged as different in length. Usually, 
such stimuli are parts of a complex design. Fig. 51 show’s an 
example of such an illusion Hard as it is to believe at first glance, 



Fig. 52. The Wundt Lines— An Illusion of Direction. The hvo ph>’$ical 
lines are straight and parallel. (From E. G. Boring, Sensation and percep- 
tion in the hlstortj of experimental psychology, 1942, p. 242, by permission 
of Appleton-Century-Crofts, Inc.) 

the two diagonals AF and FD are equal in physical length. Taken 
out of the parallelogram, they would, of course, appear very nearly 
equal. 

Illusions of Direction. An illusion of direction arises when 
the apparent direction of a geometric form deviates from that 
expected on the basis of its physical direction. In Fig. 52, for 
example, the hvo horizontal physical lines are straight and parallel 
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to each other. Yet both of them appear to diverge toward the sides 
of the design. Again, if taken out of this context, they would appear 
straight and parallel. 

Experiment X 
Perceptual Grouping 

The following experiment is designed to demonstrate the principles of 
perceptual grouping discussed above. It wll serve not only to illustrate 
these principles but will also show how the various determinants of 
grouping can be made to cooperate and conflict with one another. 

Purpose. To demonstrate the effects of proximity, similarity, and di- 
rection on perceptual grouping, and to measure the stability of the re- 
sulting perceptual groups. 

Materials. Two kinds of colored thumbtacks, for example, blue and 
red ones, several sheets of cross-section paper, a wooden board, and a 
metronome are all the equipment required for this experiment. 

Procedure. The subject is seated at a table in a well-lighted room. A 
wooden board is placed vertically on a table at a distance of about 2 feet 
from the subject. Care should be taken that movements of the experi- 
menter or the subject do not cast shadows on the board. 

A sheet of cross-section paper is tacked on the board. A design of 
colored thumbtacks is tacked on the cross-section paper. The subject is 
instructed to look for a particular figure in the design. He is also in- 
structed to hold up his hand (or use some other convenient signal) as 
long as he can see that figure. A metronome is set to beat once per second 
so tliat the experimenter may tally the number of beats during which the 
figure is seen and during which it is not seen. The experimenter wdU do 
well to have prearranged tally sheets on which he can record (1) the 
nature of the design, (2) the total duration of exposure of the stimulus, 
and (3) tlie number of beats during which tlie critical figure was seen. 

We shall now suggest some designs to illustrate the principles of 
proximity, similarity, and direction. Other designs should be worked out 
by the experimenter and subject in cooperation. 

1. Proximity. Tacks of one color only should be used. One design con- 
sists of three columns of tacks, say, 2 inches apart. The dots in the 
column should be equidistant from each other, say, about If inch. At 
the top and K inch to the right and to the left of the middle column, 
one tack each is placed. The subject is instructed to look for the 
figure forming a letter T in the center. This configuration is exposed 

eld rT' f 5' fl ' L progressively compH- 

cated by the addition of further dots so tliat the principle of proximity 
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favors the perception of a T less and less. Each of the additional de- 
signs sliould be exposed for 1 minute. 

2 Si/niioriVf/. Tachs of two different colors are now to be used. A basic 
design consists of fiv e row s of five tacks each. In the first configuraUon, 
the T is made rcaihly apparent Uy having the top row and middle 
column made of one color (e g , red) and the other tacks of the other 
color (eg., blue). Again, the design Is exposed for 1 minute. As 
before, the task of holding the T is m.ade more and more difficult by 
replacing more and more of the red dots with blue dots, 

3. rroximittj vs. similarity. In this design, the principles of similarity and 
proximity are pitted against each other. A basic design is showm in 

o#o#o • o#o«o 

o • o 
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o • o 

Fic 53. 

Fig. 53. Each of the two outer columns consists of five blue dots 
spaced Jj inch apart. The middle column is made up of five red dots 
similarly spaced. The columns are 2 inches apart At the lop of each 
of the outer columns, tlie arm of a T rs provided by four s>tii- 
metrically distributed dots, again spaced 5 inch apart The two outer 
dots are blue, the two inner dots arc red The subject is instructed to 
look for a red T, which he would sec m accordance with the principle 
of similarity. The principle of proximity would predict that the subject 
would see nvo Ts at the sides of the design. This design is exposed 
for 1 minute. Similarity can then be made even less operative by 
gradually replacing the outer blue lacks vvilh red ones. 

4. Direction. To demonstrate the effect of direction, a design of the 
kind reproduced in Fig. 54 or any suitable part thereof can be used. 
In this way, the relative stability of different lines and curves can be 
tested by companng the length of time for which they can be seen by 
the subj'cct. In the manner indicated above, the factor of direction can 
be pitted against proximity and similarity. 
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Treatment of Results. For each of the desi^s the proportion of 
time during which the subject saw the figure should be computed, This 
is done, of course, by dividing tlie number of seconds dunng wh«ch the 
figure was seen by the total exposure time. Thus, an index of stahihttj is 
obtained for each design. The stability of any one design can be com- 
pared with that of any other. These indices of stability would, of course, 
be somewhat different if the experiment were repeated. Small differences 
among these indices may arise as a result of uncontrolled factors. Before 
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Fig. 54. A Design to Test the 
Effect of Direction on Perceptual 
Organization. (From R. S. Wood- 
worth, Experimental psychology, 
1938, p. 626, by permission of Henry 
Holt and Company, Inc.) 


confidently asserting that one design is more stable than anotlier, it 
would bo necessary to determine how frequently a difference of a given 
size would occur as a result of uncontrolled factors. 


Experiment XI 
Form Constancy 

In tliis experiment, form constancy is demonstrated and measured. It 
will be remembered that the image projected on the retina by a circular 
disk is often actually elliptical in form. Yet, over a considerable range of 
rotation, the turned circle tends to retain its apparent circularity. The 
following experiment is concerned with the quantification of this effect. 

Purpose. To determine tlie amount by which a circle must be rotated 
before it appears as an ellipse of a given shape. 

Matcri.'ils. A circle is mounted on an upright rod so tliat the disk is 
in the vertical plane. In addition, several ellipses differing in \wdth but all 
^ them Uie same height as the circle are also mounted on vertical rods. 
Tliese ellipses are mounted so that tlie long (major) axis is vertical. Pro- 
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vision is made by means of a pointer and protractor to determine the 
amount by which the rod afld circle ha%e been rotated. Instead of being 
calibrated in degrees, the protractor should give the projection of the 
diameter of the circle on a horizontal line In the plane of the elb’pse. The 
protractor may be calibrated by means of the following formula 
P = d cos © 

IVherc P denotes the projection, d is the diameter of the circle, and © 
is the angle of rotation. 

Procedure. The circle and an elL'pse are placed perpendicular to the 
line of the subject s sight at a distance of about 10 feet. The experimenter 
then rotates the circle until the subject reports that it matches the ellipse 
in shape. At that point, he reads off from the protractor the value of the 
projection of the diameter of the circle. On one half of the trials, the ex* 
perimenter begins with the circle perpendicular to the line of sight, on 
the other half of the trials, the circle is initially parallel to the line of 
sight. There should be about ten trials divided equally behveen the two 
starting positions. The starting positions should be alternated in random 
order. A new ellipse may then be substituted and the entire series re* 
peated. 

Treatment of Results. The larger the angle of rotation, the smaller 
the projection of the diameter of the circle needed to match the ellipse, 
and hence the greater the amount of constancy. The amount of constancy 
may be conveniently quantified by comparing the projection \«th the 
width (minor axis) of the ellipse. For this purpose, the average of the 

Width of Ellipse 

measurements of projection is computed. The ra tio. ■ ^an “ projret lo n " * 
provides us with an index of constancy. If there svere no constancy effect, 
the width of the ellipse and (he mean projection would be equal, and the 
ratio would be 1. T^e greater the constancy, the smaller the projection, 
and hence the greater the ratio 
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PERCEPTION OF SPACE 


THE objects that we see, hear, touch, and manipulate are localized 
in space: they occupy a definite posiUoo >wth relercnce to our 
bodies. Among these objects are parts of our o\vn bodies as well as 
"things out there." We take the localization of objects in space for 
granted and, indeed, find it hard to imagine any world but a spatial 
world. When we stop to consider how living organisms manage to 
behave adequately in space, to move about in three dimensions, and 
to localize objects with astonishing precision, we soon find that the 
perception of space is highly complicated and must call into opera* 
tion the utmost in constructive and integrative activity on the part 
of the perceiver. 

Sensory Systems in Space Pepception 

Man relies heavily upon bis eyes in lus spatial adjustments, and 
in our thinking we tend to equate the spatial world with the >isual 
world. Vitally important as is the visual system m the construction 
of our spatial world, it is by no means the only source of our 
knowledge about space. In addition to the visual system, there are 
two other important sensory systems which provide the perceiver 
with information about the location of objects and events in space 
We not only see things in definite location, we also hear them as 
coming from the right or left, from above or below, and we, more- 
over, feel them as touching our hand or arm or some other part of 
our bodies. 

When we need to localize objects in space, and in particular 
parts of our o^vn bodies, we are further aided by sensory systems 
which are peculiarly adapted to this function. First of all, there is 
the kinesthetic system. Our muscles, tendons, and joints are equipped 
with receptors which respond to movements of these parts. The 
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“proprioceptive impulses” coming from the muscles are particu- 
larly important in the maintenance of posture. In short, the km- 
estiietic system tells us, as it were, about the movements of our 
bodies in space. Aiding this system is the vestibular system. The 
semicircular canals and the vestibule of the inner ear contain recep- 
tors highly sensitive to movement and acceleration. To summarize, 
then, several major sensory systems participate in the adjustments 
which man makes to the location of objects and himself in space. 
Certainly, in the location of objects in the environment, the visual 
system is primary, even though it is supplemented continually by 
the auditory and the somesthetic systems. The great precision and 
success of our spatial orientation are due in no small measure to the 
cooperation of these three systems. As we move about in our environ- 
ment, intersensory cooperation is continually checked against the 
results of our movements and our manipulation of the objects. In 
this chapter we will limit ourselves to a discussion of the contribu- 
tion which the visual system makes to the perception of space. 

Basic Visual Conditions 

The visual perception of space, as we know it, would be impos- 
sible if it were not for certain functional properties of the optical 
process. These properties insure the stability of our visual world 
and the continuing success and precision of spatial adjustments. 

• Objects fixed in space usually appear so and remain so, and the 
spatial relations among objects show a similar stability. Let us 
briefly consider the stabilizing properties of the optical process. 

Correspondence Between Retinal Image and Physical Object. 
It is probably a truism by now to say that we do not “see” our 
retinal images, that the formation of the retinal image is only one 
of the long chain of events necessary for the perception of an 
object. Nevertheless, if the retinal image did not systematically 
represent certain features of the physical object, a stable visual 
world would be impossible. We are referring here to the eye as an 
optical instrument which forms a retinal image preserving the 
spatial relations characteristic of the physical object. The outside 
edges of the physical object are represented on the outside edges of 
the retinal image. The relations among the parts of the object 
remain basically unchanged in their representation on the retina. 
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The fact that the reUnal image is inverted with respect to the 
physical object is irrelevant. The inversion of this image with 
respect to the obj'ect is a physical fact that docs not present a special 
problem in the analysis of perception. We must say again that ^ve 
do not “see" the retinal image. We learn that the stimulation of the 
bottoms of retinae means "up." The relations among the parts of 
the physical ohj'cct represented in the image are still ini’ariant 

Law of the Visual Angle. The stability of the visual world is 
further aided by another optical property of the eye. As an object 
recedes from the eye, the size of the retinal image decreases in 
accordance with the laiv of the cisiiat angle. This law states (hat (he 
linear size of the optical image Is inversely proportional to the dis- 
tance of the obj’ect. Thus, if we double the distance of an obj'ect 
from the eye, we halve the height and width of the retinal image. 
This law does not imply that we see things in exact accordance 
with it. A man 20 feet away does not appear half as tall as he does 
at 10 feet. As we will find in our discussion of size constanc}’, there 
may be appreciable variation in the distance of an object from the 
eye without corresponding changes In perceived size The important 
point is that there is a lawful relationship bchveen distance and 
size of retinal image. Unless this were the case, any lawful rela- 
tionship between distance and perceived size would be impossible. 

Resolving Power of the Visual System. When the eye focuses 
upon two objects in the environment, two retinal images are formed, 
and the visual system maintains this resolution to an astonishing 
degree. We have already discussed the nature and condib’ons of 
visual acuity in Chapter 6. Unless two objects are seen, we could 
not perceive any relation behveen them. The visual perception of 
space is based to a considerable extent upon the spatial relations 
among objects Therefore, we must first resolve these objects before 
their relations can become effective in perception. 

Thus, the optical properties of the eye and the resolving power 
of the visual system provide basic conditions for the \isual percep- 
tion of space. With this background, we can now proceed to an 
examination of the specific determinants of space perception. 

Tiie Spatial FnAMExvonK 

Our visual world is tridimensional. Objects are localized not only 
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to view the field in the mirror, the main lines of organizab’on ‘'right 
themselves” and appear as horizootal or vertical. 

Within this spatial framework, anchored by the horizontal and 
vertical directions, we leam to move about and to manipulate 
objects in the environment. The \'arious sensory sj’stems cooperate 
closely in our spatial adjustments. If we snap our fingers, we 
localize them by seeing, hearing, and feeling them in the same 
spatial position. This intersensory cooperation is modifiable williin 
limits. An enterprising psychologist inverted his visual field by 
wearing a sj’stem of lenses. Objects which we ordinarily locate at 
our right appeared on the left, and objects ordinarily seen abos e us 
appeared below. This inversion of the visual field created serious 
intersensory' discrepancies. Thus, the investigator would see a clock 
in one place and hear it hcUng in another. Similarly, he would 
feel his feet below him, and they would appear above his head. To 
a certain extent, it was possible to adjust successfully to this con- 
fusing situation by ignoring visual cues. Much more striking is the 
fact that an intersensory reeducation took place. As he continued 
to wear the lenses, the intersensory discrepancies became less and 
less noticeable. He saw objects where be heard and where he felt 
them. However, he continued to call objects "up” whidi were 
normally "down” and "left” those which we observers without 
inverting lenses call "right.” In short, the "naming” of the direction 
did not change, but the behavioral meaning was changed in accord- 
ance with the requirements of successful locomotion and manipula- 
tion. Indeed, upon removal of the lenses, a brief period of readjust- 
ment was necessary 

Tiie Perception of Distance 

The images cast on the retina are twt>-dimensional and they pre- 
serve the correct spatial relations among parts of the visual field. 

‘ ■ - « • • t - , down" are matters 

. . • correct preser\*alion of 

■ , . ■ • I . • . ■■ as far and near, solid 

as well as flat. The question at once arises as to how two-dimen- 
sional retinal images lead to the perception of space in depth. It 
seems as if the perceiver uses certain clues and indications pnv 
vided by these hvo-dimensional images to infer or construrt a tri- 
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dimensional space. We must emphasize the phrase “as if.” There is 
no reason to believe that any process akin to logical inference takes 
place. Tridimensionality is immediately given. 


Monocular Determinants of Perceived Distance 

Let us see if one eye can offer any clues to the perception of dis- 
tance. By having the observer close one eye, we limit the number 
of clues available and separate them from those that depend upon 
the simultaneous functioning of both eyes. Let us list and briefly 
discuss monocular clues to distance. Most of these determinants are 
rather obvious and are safely inferred from their efi^ectiveness in 
daily experience and especially in the visual arts. 

Apparent Size of Familiar Objects. Automobiles viewed from 
the tower of the Empire State Building look more hke oversized 
ants than they do like cars. We see them, however, as distant cars 
rather than oversized ants at close range. What the observer does 
in effect is to utilize the law of the visual angle. As a car recedes 
from the eye, the retinal image grows smaller and smaller. Clearly, 
this clue can be effective only with familiar objects. The implausible 
stranger who had never seen a car could not judge its distance by 
its apparent size alone. An especially striking instance of such 
linear perspective is the familiar convergence of parallel railroad 
tracks in the distance. The distance between the tracks is, of course, 
constant, but the corresponding retinal image, and hence the ap- 
parent separation of the tracks, decreases in size the farther away 
the tracks are. The artist can make good use of linear perspective to 
create the impression of distance on a two-dimensional canvas.^ 

Interposition of Objects. If our view of one object is ob- 
structed by the presence of another, we will see the obstructed one 
as farther away. If a tree covers part of our view of a house, the 
tree appears nearer than the house. Conversely, if the house ob- 
structs our view of the tree, we see the house nearer than the tree. 

Clearness of Detail. The perception of details is a matter of 
visual acuity. The detail of a brick wall becomes lost in the distance 
because the visual angle subtended by the individual bricks de- 


2 This and other illustrations are not offered as experimental proof of the 
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creases wilh distance. Thus, when we cannot see the details of the 
wall, we see it as far away. When eich brick stands out clearly, we 
see it as nearby. 

Changes m Color. The color of an object may undergo changes 
as the light \vaves reflected from the object travel through the haze 
of the atmosphere (aerial perspective). Not only does the color tend 
to be more bluish as distance is increased, but the apparent bright* 
ness of the object diminishes as well. The green leaves of a distant 
tree take on a bluish tinge. The bright, black car shines less as it 
speeds away. 

Lights and Shadows. If we know the direction of the illumina* 
b'on, then an object standing in a shadow is seen to bear a definite 
spatial relation to the object casting the shadow. The pattern of a 
shadow and its location help us to judge whether there is a depres- 
sion or an elevation in the land. If we are looking toward the sun 
and the shadow is on the far side (near the sun) of an irregularity 
in the ground, then we see a depression. On the other hand, if the 
shadow is on the near side (near us), then we see an eIe\ation. 

Movement Parallax. Perception of relative movement aids in 
judging distance. Let us illustrate this determinant by the follmv- 
ing demonstration. Close one eye and hold up hvo fingers, one 
behind the other and about JO inches apart. Fixate the far finger. 
Now move the head from side to side, and you will see the near 
finger moving in the direction opposite to the movements of the 
head. This phenomenon is known as movement parallax It is some- 
times referred to as monocular parallax, because it can be obtained 
%vith the use of only one eye. 

Let us consider the explanation of the movement of the near 
finger while the far finger is fixated As the head is moved from side 
to side, the image of the far finger remains stationary on the retina 
by virtue of the fixation. When the head is moved to the right, the 
retinal image of the near finger also mo%'es to the right. If we were 
to accomplish this retinal displacement of the near finger by mo\ing 
if instead of the head, this finger would have to move to the left. It, 
therefore, appears to do so. 

Accommodation. All of the determinants discussed above are 
visual in nature, ie., they are characteristics of the \isual field. 
There is the possibilit)', however, that proprioceptiv’c impubes 
furnish ouxilUary clues in perceiving the distance of near object* 
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These impulses come from the muscles that control the accommo- 
dation of the lens to varying distances. It is through this^ accom- 
modation process that clear vision is adiieved at different distances. 
Many ingenious experiments have been designed to demonstrate the 
effectiveness of accommodation as a clue for perceived distance. 
Correlations between changes in accommodation and perceived 
distance have been reported. These results do not provide us with 
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Fig. 53. Some Monocular Determinants of Perceived Distance. (From 
N. L. Munn, Psychology, 1946, p. 154, by permission of Houston 
Mifflin Company.) 


conclusive evidence, however, concerning the effectiveness of non- 
yisual, proprioceptive clues to distance. For one thing, it is difficult 
indeed to hold all factors other than accommodafa'on constant, espe- 
cially since accommodation and convergence tend to work together. 
Even if accommodation is varied independently of convergence, 
changes in accommodation must change the characteristics of the 
visual field. Changes in accommodation affect the clearness with 
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which details are seen, that is, the amount of microstruchire per- 
ceived. These changes in microstructure provide \'isual clues for 
distance. Even if the nerve impulses arising from the accommoda* 



Fic. 56. The Field of Binocular Vision. The white area represents the 
field of overlap, i e., the part of the field seen by both eyes when fixation 
is at the center of the field. The two shaded areas represent the nonover- 
Jappuig fields. The numbers along the vertical meridian refer to distance 
from the fovea in degrees. The numbers around the periphery designate 
the angle of elevation. {From Introduction to phjstologica! optics by 
J. P. C. SouthaU, p. 209. Copyright 1937 by Oxford University Press, Inc.) 

tion process do contribute information about distance, they cer- 
tainly play a minor role relative to the visual determinants. 

Binocular Determinants of Perceived Distance 
Some of the most effective detenninants of visual space percep- 
tion stem from the fact that we have two eyes located about Z5 
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inches apart. To understand the nature of these binocular deter- 
minants, let us briefly re\dew the main facts of binocular vision. 

Field of Binocular Vision. Each of the hvo eyes commands 
a visual field of approximately 130 degrees. The extent of the 
monocular field may be determined by closing each eye in turn. 
The visual field is then determined by the exlent of the environ- 
ment that can be seen under steady fixation. The monocular field is 
not homogeneous with respect to various xdsual characteristics. 
Most important among these are differences in amount and sharp- 
ness of detail. Maximum detail in clearness is achieved when the 
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Fig. 57. Corresponding and Noncorresponding Retinal Points- Point 
X is the point of fixation and is seen as single. Points N and F can be seen 
as double. The images of Point N are crossed, whereas the images of 
Point F are uncrossed. (Reproduced by permission from Foundations of 
PstjchoJogy by Boring, Langfeld, and Weld, p. 133, published by John 
Wiley & Sons, Inc., 1948.) 

retinal image of an object is cast upon the fovea. The line con- 
necting the retinal image on the fovea and the corresponding object 
is called the line of regard. 

When both eyes are open, there results an extensive field which 
is common to both eyes. This area of overlap is the hinocuhr feld 
of vision. Normally, the eyes converge upon a given object, i.e., the 
two lines of regard cross at the point of fixation. If an object on the 
horizon is viewed, the lines of regard are parallel, i.e., there is no 
ranvergence. VTiether or not the eyes are converged, the field seen 
in common is the binocular field. A graphic picture of the monocular 
fields of the two eyes and the binocular overlap is sho\vn in Fig. 56. 
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Corresponding and Noncorresponding Retinal Points. 
When the eyes are converged upon a point of fixation, this point is 
seen as single. In Fig. 57, for example, point X is the point of fixa- 
tion and is seen as single. We call the points on the retinae of the 
two eyes that arc stimulated by the single point X, corresponding 
retinal points. In the same figure, the point N on the near side of X 
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Fig. 58. How the Two Eyes Sec o Truncated 
Cone, with the Axis of the Cone Horizontal and 
Pointing at the Observer. F and F' represent the 
fixation point. In (a) the small end of the cone ts 
near the eye; in (b) the large end is near the eye. 

can be seen as double. Similarly, point F, on the far side of X, can 
also be seen as double. NVhen a single point can be seen as double, 
we call the two retinal points stimulated by it, one on each retina, 
noncorresponding points. It should be noted that corresponding 
points are defined in terms of singleness of vision and not in tenns 
of anatomical location. By mapping the locus of single \tsjcc 
(horopter), it can be sho>vn, however, that corresponding poi^ 
are symmetrically located wlh respect to the foveae. Thus, if ^ 
hvo retinae were superposed, corresponding points would teas 
fall on top of each other. 
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Binocular Parallax. When the eyes view a solid object, rather 
than a single point, they necessarily obtain somewhat different 
views of that object. This disparity in the two retinal images is 
knovvn as hinomlar parallax. Recall the fact that the eyes are about 
2.5 inches apart. When they fixate a single point on a solid object, 
the horizontal pattern of the retinal images must be somewhat dif- 
ferent. Thus, the right eye will see a little more of the right side 



Fig. 59. A Simple Box Stereoscope. (From In- 
troduction to physiological optics by J. P. C. Southall, 
p. 238. Copyright 1937 by Oxford University Press, 

Inc.) 

of the object, and the left eye, a little more of the left side. Suppose, 
for example, a truncated cone is viewed with the axis of the cone 
horizontal and pointing at tlie obsers'er. If the small end of the cone 
is near the eyes and the large end away, the retinal images for the 
two eyes will be as shown in Fig. 58a. It should be clear that the left- 
hand figure represents the retinal image for the left eye and the 
right-hand figure, the image on the right retina. Fig. 58b shows 
what happens to the retinal images when the large end of the cone 
is placed near to the eyes. Examination of these retinal patterns 
shows that the large circles fall on corresponding points of the 
retinae. Since there is a disparity in the two images, the small circles 
do not fall on corresponding points. It is in the nature of binocular 
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parallax that parts of the Images fall on corresponding points 
whereas other parts do not ^ 

The hvo images being disparate, sve might expect double images 
to be seen. In actual fact, howes-cr, the observer docs not see tvvo 
small overlapping circles enclosed by one large one. nather, he secs 
a truncated cone in depth. The fusiorr of the disparate rctinar 



Fic. 60. A Mirror Stereoscope. (From Introduce 
tion to p^llJsloIo^icat opua by J. P. C. Southall, p. 

240. Copyright 1937 by Oxford University Press, 

Inc ) 

images produces the depth effect Binocular parallax is, indeed, one 
of the most important determinants of perceived depth. 

Stereoscopic Vision. One might expect that a depth effect could 
be produced by the use of two simple line drawings, such as those 
shown in Fig. 58, one presented to each eye All that is necessary 
is an instrument to present the drawngs separately to the two eyes. 
Such an optical instrument is known os a stereoscope. The basic 
principle of llie stereoscope is illustrated in Fig 59 This simple box 
stereoscope merely insures that the picture for the left eye does 
not stimulate the right eye, not that the picture for tlie right stimu- 
lates the left eye. This simple box stereoscope has certain disadi’aii- 
tages. Convergence, for e.xample, is rather difficult to obtain. Mw* 



j for produc- 

^XPEEIW ^ devised to^ ^ 

de and ftexibl- steteosc^ 

E* '®''^ efeo*oP“- '■;St *» io- 
bltSooe '““^““’’fsetSSy °”'’ 

S^CS-V-"- 



(Fr">» l"‘'»S1;v°0*5a ®‘“"” 

A. Pristn 

H p. C. Sou*a\i, P- 

. ;c adjusted to g 


61- e*e 

^ onple between aitering tb accomnK 

S o! convetgeoce. „pei deP^.”' i 

ted deg«8 ° ^ ,i,e appato"' ''’“ 

o nlctutes au^ ^ tjae app 

^ n be obtained. a 

?5i^oS>S&io.-=“ 


PERCEPTION OF SPACE 


191 

the eyes to converge. Fjg, 61 shows one such prism stereoscope. 
Li and L 2 are the two prismatic lenses. The bases of these prisms 
are placed on the outside so that tlje light rays coining from Pi 
or Pa are refracted, thus causing the eyes to converge on the point 
P. The pictures, or stereograms, are represented by AjBi and 
A 2 B 2 , respectively, >vhile AB represents the apparent location of 
the fused picture seen in depth. 



Fic. 62. A Telestereoscope. 

(From H. A. Carr, An introductum 
iO space perception, 1935, p. 214, by 
permission of Longmans, Green and 
Co., Inc.) 

3. The telestcreoscope. For certain purposes, it is advantageous to 
exaggerate the degree of retinal disparity. This increased dis- 
parity can be accomplished by the use of a telestcreoscope. The 
basic principle of this device is illustrated in Fig. 62. It is ob- 
vious that the effective separation between the two viewing 
points— mirrors A and B— is greater than the interocular distance. 
The rays reflected from mirrors A and B are sent to the ej-es ria 
mirrors C and D, respectively. By increasing the distance between 
A and B, the degree of retinal disparity can be made much 
greater than normal. Consequently, the apparent depth is greatly 
enhanced. Thus, even if two objects are far away, it may be pcs- 
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sible by the use of this instrument to tell which. is the farther. 
This principle is employed in many range-finding de\dces. 

4. The pscudoscopc. This instrument makes it possible to present 
to the left eye the image normally falling on the right eye, and 
vice versa. In this manner the retinal disparity of the views is 
inverted. It is possible to invert the retinal images either hori- 
zontally, vertically, or both. It is by means of a pseudoscope that 
the studies on the effects of retinal inversion cited on p. 181 were 
conducted. 

Uses of the Stereoscope. Pictures for stereoscopic presentation 
may be- either drawings or photographs. If tlie two pictures are 
identical, no depth effect is obtained. When the two pictures are 
disparate, stereoscopic fusion in deptli may occur. The degree of 
depth depends upon the amount of disparity. Striking effects may 
be obtained with the aid of a camera, taking two pictures with the 
camera successively placed at positions separated by the interocular 
distance or more. The simplest demonstrations for experimental 
purposes are obtained by line drawings such as shown in Fig. 58. 
Stereoscopy has been put to a variet)’ of uses. ' ^ 

Demonstration of binocular fusion. Stereoscopes are a favorite 
■ laboratory device for tlie demonstration of binocular parallax as a 
determinant of perceived depth. 

Studying the effect of convergence and accommodation. As we 
have seen, both mirrors and prisms may be used to change the de- 
gree of convergence of the eyes when vie\ving stereograms. Further- 
more, by altering tlie distance between the stereogram and the 
reflecting mirror, the degree of accommodation is influenced. Spe- 
cial tj^es of stereoscopes have been devised in an attempt to vary' 
convergence and accommodation independently. Studies concerned 
with the effects of accommodation and convergence on perceived 
distance have frequently employed stereoscopic presentation of 
stimulus materials. 

In summary, then, the stereoscope derives its importance from 
the fact tliat it serv'es to control and measure the amount of retinal 
dramatically effective in the perception of 

Diplopia. Stereoscopic fusion, important as it is, is not the 
only binocular determinant of perceived depth. Double images 



193 


PERCE'ETION OF SPACE 

serve as e£Fective binocular clues. Let us return to Fig. 57 on p. 1S6. 
When the eyes arc converged on X, points nearer or farther away 
from the eyes than X stimulate noncorresponding points of the 
retinae. As a result, such points as N and F can be seen as double. 
Although both N and F can be seen ns double, there is an important 
difference between the near point N and the far point F. T^e hvo 
images of N are crossed, i e., the left eye sees the image on the 
right while the right eye sees the image on the left. In the case of 
F, however, the images are uncrossed, and each eye sees the image 
on its own side. These facts can be easily ascertained by again hold- 
ing up two fingers, one behind the other. Now fixate the far finger. 
The near finger will be seen as double. That the images are crossed 
may be verified by closing first one eye and then the other. Simi- 
larly, fixate the near finger and obtain a double image of the far 
one. That the images are now uncrossed may be verified in the 
same manner as before. 

It Is clear from the diagrams of Fig. 57 that crossed versus un- 
crossed double images should be an important clue to distance. 
The point N, which produces crossed images, casts an image which 
on each retina is on the temporal side of the fovea. The point F, on 
the other hand, stimulates points nasally to the fovea. In short, if 
the double images are cross^, the object is nearer than the point of 
fixation. If the images are uncrossed, the object must be farther 
away than the point of fixation. 

It may be objected that double images are frequently not seen 
when we would expect them to be, in terms of the geometry of the 
situation. Nor is it possible for the observer to tell crossed images 
from uncrossed ones without some explicit trial and check. How, 
then, can double images serve as clues to distance? We must 
reiterate that the determinants of a perceptual judgment need not 
be reportable in order to be effective. Some determinants act as if 
they were clues from which inferences are drawn, even though the 
process of inference, whatever its nature, cannot be verbaliad. 
Whether or not a determinant is effective can be ascertained ocV 
on the basis of the differences which it causes in the subjerf' 
behavior. By this criterion, double images qualify as one of £«■ 
determinants of perceived distance. 

Seeing Behind Small Objects. There is another 
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PERCEPTION OF SPACE 

Their action may result in propriocepthT impulses ^vhich might 
act as clues to the distance of the object EialecL If such clues w^ere 
effecti\*e, thej' would be limited to a range of about 60 feet from 
the eye, the range (tvct whidi eonx-ergence occurs. Bejond this dis- 
tance, the lines of regard are x-eiy nearly paialleL As in the case of 
accommodation, the experimental proof of the effectix-eness of 
these proprioceptix’C impulses in the judgment of distance is by r>o 
means complete. The results of many ingenious experiments hax'e 
remained contradictor)*. Some experimenters xx-ho hax*e studied the 
effects of conx'ergence in stereo s co p ic xision hax-e reported that 
differences in conx-ergence, xvith other factors held constant, sig- 
niScantly inHuenced the perception of distance, ^\'bethe^ or not 
they were indeed successful in eliminating or holding constant saci 
visual factors as double images and, in some instances, retinal dis- 
parity, is still a moot question. Other experimenters haxe been can- 
vine^ from their data that proprioceptixe impulses from conx’sr- 
gence and/or accommodation are ineffective. For ■when 

a bright circular spot, the xisual an^e of xx’hidi is held cccstoit. as 
mov^ back and forth in a long d^k tunnel or KaH, pdemsns n? 
distance are either \-irtually impossible (monocular) cr esaemsh 
poor (binocular). In this situatioa, sudi xisual factors as rsTsu' 
disparity are absent or minimized, and propriocepthe 
the judgment of distance x-eiy little indeed, as csrmiEma ^ 
normal effectiveness of x’isual clues. In both monocular -aac mrs?' 
lar vision, the predominance of x’isual detenniaants 
ones is well es^blished. 


The Perceptiox of Sis 
Size Constancy. The problems of the 
and of the perception of size are closeh* jelsc’-c 
together by the !axv of the X’isual angfr. ta*- 

an object must become smaller and s=t^ ^ ^ , ‘ ^ 

eye and that these decreases m ste tue 

distance. Since the object remains ttcstnil ic ^ ’ 

retinal image ol it must continually 
true that very distant objects look siaiS. It h 
ceived size does not obey the law of fe risni 'x>vr ^ 
siderable range of distances, peremed ss esrasE 2=^ ^ 
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adjustment of the* reference dtst against the distance from the 
observer of the test disk. 

Of course, the experiment could be conducted 4n a somewhat 
different way without altering the basic logic of the procedure. Tlic 
diameter of the reference disk could he held constant, and the 
diameter of the test disk varied at each of the distances until a 
match was obtained. We would then plot against distance the 
diameter of the test disk required to match the reference disk. 

\Vithin this experimental framexvork, we can investigate per- 
ceived size as a function of such controllable xxiriables as binocular 
versus monocular viewing, the environmental context, the degree 
of illumination, the sub/ect’s attitude, and so on. The aim is always 
to obtain a functional relationship in which perceived size is tlio 
dependent variable. 

Perceived Size and Distance. When we plot perceived size 
against distance, we usually obtain a function lying somewhere 
between two limiting loci. At one extreme is a curve defined by 
the law of the visual angle. It is the line that would represent the 
data if perceived size varied inversely with the distance. At the 
other extreme is the horizontal line defined by perfect size con- 
stancy, 1 e., perceived size as invariant with distance.* These theo- 
retical lines can be found in Fig. 64. Actually, perceived size 
neither obeys (he law of (he visual angle nor is ft invariant with 
distance. Where, between these extremes, the empirical function 
lies depends upon several parameters. Let us reexamine Fig. 6i It 
depicts the results of an experiment in which the amount of environ- 
mental clues available to the subject was systematically varied. 
There were four experimental conations representing a successive 
reduction of the environmental context Pint of all, there was un- 
impeded binocular vision in which the subject could fully utilize 
all the relations present in his field of vision. As a first reduction in 
the number of available clues, (he subject was restricted to tlic use 
of one eye. Further restrictions are represented by monocular vision 
witli an artificial pupil and a reduction tunnel. This reduction tun- 
nel, consisting of heavy black doth, limited the view to Uie test 

s Sometimes constao'7 may, as It were, ovenhoot the made, and tite p^' 
celved size increases for a time with dutance. It is as if the observer erS’ 
compensated for increases in distance. 
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disk almost entirely. As Fig. 64 shows, tlic function relating per- 
ceived size to distance is systematically displaced as environmental 
context is varied. 'With unimpeded binocular regard, there is more 
tlian perfect constancy— the subjects overcompensate for distance. 
With monocular vision, there is complete size constancy, that is, 
perceived size is in^OTiant wth distance. Under the more restrictive 
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Fig. 64. Tlie Deiicndence of Size Const.incy on EnvironmentJil Con- 
text. Curv'cs B and F are theoretical cur\’es representing constant size and 
retinal .size respectively. The other cur\-es represent e.xperiment.al measure- 
ments under the various viewing conditions indicated (From E. G. Boring, 
The perception of objects, Amer. ]. Physics, 1946, 14:104, by permission 
of the jounial and .author.) 


conditions, however, perceived size decreases as a function of dis- 
tance, and the empirical funch'on approacites tlie line defined by 
tlie law of the visual angle. 

The functions of Fig. 64 cle.arly demonstrate that it would be 
erroneous to spe.ak of a general law of size constancy. Variations in 
perceived size as a function of distance depend upon a set of 
parameters such as those illustrated in die above e.\'periment. There 
are, of course, other parameters which are important. Several in- 
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vestJgators have found that perceived size varies with thft subject’s 
attitude toward the stimulus object. A nalvt;, uncritical attitude 
favors constancy. Furthermore, the meaning and familiari^’ of the 
obje'Tts play an obvious part in the perception of size. Fiivilly, there 
has been a persistent search for correlations with such individual 
differences as age, sex, intelligence, and occupaUon. These studies 
have shown considerable individual variation in susceptibfli^ to 
size constancy but have not as yet led to any stable generalizations. 

The Size of Afterimages. The dependence of percciv-ed size 
on distance, size of the retinal image, ^nd the context provided by 
the field conditions is well illustrated by the apparent size of after* 
images. If you successively project a clear negative afterimage 
upon homogeneous surfaces at various distances, you will notice a 
striking change in the size of the afterimage; the farther away the 
projection surface, the larger the image will appear. In fact, if the 
projection surfaces are homogeneous fields, the size of the after- 
image is proportional to the ^stance of the surface from the eye. 
This generaUzatioo is knoum as Emmert’s law. 

At ffrst, this result may come as a surprise. Should not ob/ects 
grow smaller as they recede into the distance? A more careful 
analysis will show, however, that Emmert’s law u strictly in accord- 
ance with the phenomenon of constancy. The apparent size of the 
afterimage depends upon the size of the retinal patch and the dis- 
tance at which the imago is viewed. The size of the retinal patch 
is, of course, constant. Therefore, as distance is increased, a larger 
and larger object would be required to produce that constant 
retinal patch. Of course, Emmeifs iaw works immediately and 
automatically, but, in order for the law to operate, both size of the 
retinal image and the distance of projection must be taken into 
account. Neither the size of the retinal image alone nor the distance 
alone provides the requisite information. If the size of the retinal 
image alone were operative, Uie afterimage would have to remain 
the same size at all projection distances. If distance alone were the 
basis for the variation in size of afterimages, the afterimage should 
diminish in size with increasing distance It is the joint effective- 
ness of the size of the retinal image and the information about 
distance that leads to Emmert’s law. 

The importance of the information about distance can be dra- 
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maUcally illustrated by “misinforming” the perceiver about relative 
distances in the field. It is easy to prepare a perspective line draw- 
ing of a corridor. If you project an afterimage upon the opening to 
the tunnel, the afterimage will look smaller than if projected at 
the far end of the perspective drawing. The linear perspective used 
in such line drawings is, of course, an effective clue to distance. As 
such, it becomes one of the determinants of the apparent size of the 
afterimage. It is, therefore, only in terms of the size of the retinal 
image and the perceived distance that the apparent size of after- 
images can be explained. 

Expemment XII 

Discrimination of Visual Depth 

Purpose. To measure the accuracy with which an individual can 
judge visual depth. 

Materials, A vertical black screen with a horizontal slot about I 
inch wide is mounted at the end of a table. The slot serves as an aperUae 
through which the subject views the stimulus objects. At a distance of 
about 5 feet, a homogeneous white surface is erected. Two vertical rods 
are mounted side by side so that the visual field of the subject includes 
them. One of these uprights is stationary somewhere midway between 
the two screens. The subject can move the other upright back and forth 
in the line of regard by means of strings and pulleys. A meter stick is 
laid along the track of the adjustable rod and is used to record the sub- 
ject s judgments. An eyepatch is necessary to secure monocular vision, in 
one part of the experiment. 

Procedure, The subject is seated some distance away from the 
aperture so that he secs a horizontal opening with two vertical rods ap- 
pearing in it. The distance between the stationary upright and the eyes 
of the subject should be held constant. The subject adjusts the distance 
of the variable upright until it seems to be in the same frontal-parallel 
plane as the stationary one. After each judgment, the experimenter re- 
cords in millimeters the distance behveen the t%vo planes in which the 
rods are localized. After a few practice trials, ten adjustments are made 
from a starting position in which the variable rod is set much farther 
than the standard and ten adjustments from a starting position much 
nearer to the subject than the standard. The starting positions are al- 
tem, ited from trial to trial. •, 

The above procedure is followed for each of the following conditions: 
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1. Binocular vision without movement of the head. Under this con* 
dition, the subject is instructed to hold his head'as still ss possible 
while making his judgments. 

2. Monocular vision without mocement of the head. One eye is cov- 
ered with the eyepatch and. as before, the subj'ecl holds his head as 
still as possible. 

3. Monocular Lislon with head movement. One eye is still covered by a 
patch, but this time the subject is permitted to mov’e his head. The 
subj’ect should frequently move his head from side to side in making 
the adjustment, thus utilizing the information available from monocu- 
lar parallax. 

Treatment of Results. The data arc arrayed in a table showing the 
deviation in millimeteR between standard and vanable rods. If the 
variable is adjusted too far away, a deviation is given a positive sign. If 
too close, a negative sign. In this table, the data should be broken dowm 
as is shown here. 

Monocubr Monocular 

Binocular Witliout Movement ^VJth .Movement 

Approaclimg Receding Approaching Receding Approaching Receding 


10 

The means of each of the columns should be computed and also the 
means for each of the three conditions. Some measure of v’ariabibty 
should be calculated. These measures provide the answers to the follow- 
ing questions 

1. Is binocular vision superior to monocular in the discrimination of 
depth? 

2. Do head movements aid in the monocular perception of depth? 

3. Is there a systematic difference between the approaching and re- 
ceding series? 

ConsideraUon should ako be given to the following points: ^^'hat 
clues to depth have been eliminated and what clues have been utilized 
in the judgments? ^Vbat variables should be further controlled to im- 
prove the experiment? WTiat other psychoph>'sical procedures could be 
used? 
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Experiment XIII 
Size Constancy 

Purpose. To determine under several newing conditions the varia- 
tions in perceived size as a function of distance. 

Materials. A set- of square pieces of black cardboard whose sides 
vary from 2 centimeters to 10 centimeters in steps of 1 centimeter. These 
squares serve as reference stimuli. The sides of the test square are 8 cen- 
timeters. Each of these squares is mounted on a large white sheet of card- 
board which prowdes a background for the stimulus. A meter stick may 
be used to measure the distances of tire stimuli from the obsen'er. An 
eyepatch is to be used to cover one eye in order to obtain monocular 
\1esving. Finally, a tube made of black material is employed as a reduc- 
tion tunnel. 

General Experimental Procedure. The experiment is conducted in 
a long room or hallway relatively free of furniture or other objects. The 
subject is seated 1 meter away from the point at which the reference 
stimuli are presented. The reference squares are presented at the side of 
the subject so that he has to turn his head about 45 degrees in order to 
fixate the stimulus. Directly in front of the subject the test square is first 
presented at a distance of 1 meter. The e.xperimenter then presents 
the series of reference stimuli both in ascending and descending orders. 
The subject is instructed to indicate which of the reference squares ap- 
pears equal to the test stimulus. Several determinations, say, ten, should 
be made at each distance. 

The test stimulus is then successively moved to a distance of 2, 4, and 
8 meters. At each of these distances, the matches are obtained as before. 
In addition to increasing the distance of the test stimulus from the sub- 
ject, it is desirable to decrease it successively, starting with determina 
lions at 8 meters and ending with determinations at 1 meter. Thus, 
there is a receding and an approaching series. 

^ iewing Conditions. The procedure just outlined is used under the 
following three conditions; 

1. Unimpeded binocular vision. The subject is allowed to xnew the 
stimuli witliout restrictions. 

2. Monocular vision. One of the eyes is ravered bv an opaque patch. 

3. Monocular nisfon with reduction tunnel. One eye is covered as in con- 
dition 2, and in addition, the subject is required to view the stimuli 
through a reduction tunnel. 

, obtained are the average sizes of 

the reference sbmuh judged to be equal to the test stimulus at each of the 
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distances under the various conditions of observation. The data may be 
conveniently grouped as shown in the accompanying table. 

Approaching Series Receding Series 

Distance Ascending Descending Ascending Descending Av. 

1 “■ 

2 
4 
8 


The entries in the body of this table are the lengths of the Sides of the 
reference squares matched to the lest squares. 

Overall averages are taken by rows to give a representative value for 
each of the distances. These averages are then plotted against distance. 
On the same graph are entered the theoretical functions defined by the 
law of the visual angle and by perfect size constancy. The question nbreh 
this experiment has attempted to answer is: Where, between these ex- 
tremes, do the empineal functions fall as the viewing conditions are 
altered? 

It is possible to isolate the effeeb of receding, approaching, ascending, 
and descending series of presentation by plotting separate functions for 
each of these conditions. 
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distances under the various conditions of observation. The data may be 
conveniently grouped as shown in the accompanj-ing table. 

Approaching Series Receding Series 

Distance Ascending Descending Ascending Descending Av. 

1 — 

2 
4 
8 


The entries in the body of this table are the lengths of the sides of the 
reference squares matched to the test squares. 

Overall averages are taken by rosvs to give a representative value for 
each of the distances. These averages are then plotted against distance. 
On the same graph are entered the theoretical functions defined by the 
law of the visual angle and by perfect size constancy. The question which 
this experiment has attempted to answer 1$: Where, between these ex- 
tremes. do the empirical functions fall as the viewing conditions are 
altered? 

It is possible to isolate the effects of receding, approaching, ascending, 
and descending series of presentation by plotting separate functions for 
each of these conditions. 
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OUB. disoission of the perception of space and form has been con- 
fined to stationarj’ objects. The space in wliich vre move contains, 
however, at most times a variety of mo\-ing objects: people walking 
on the streets, cars speeding along the highway, birds ^ing in the 
air, and so on. The perception of movement, then, is part of the 
perception of objects in space. Many conditions determining the 
perception of stationan,- objects are also operative in the perception 
of movement In this diapter we shall examine the types of move- 
ment which are perceived and the variables of which the}' are 
functions. 

PhYSICUl, Mo\'EMENT AXD PERCEnXD ^*Io\'EMEXT 

We must carefully distinguish the definition of physical move- 
ment and of mo^-ement as a perceptual phenomenon. The location 
of a body in physical space is described in terms of its momentai}' 
position, its velocity-, and its acceleration. The position of an object 
is determined, of course, by referring it to some standard geometric 
s}-stem of reference. The velocity- of an object refers to die"^diredion 
and rate at which it t^a^■els through space. Two phvsicai dimensions 
are required to specif)- velodty-.- distance and timk Acceleration is 
change in velocity-. These are physical concepts, and there are meth- 
ods for specity-ing them without direct reference to the perception 
of motion. Position, velocity’, and acceleration ran then, be the 
independent \-anables in the experimental study of mo%'ement per- 
ception. The dependent ^•a^able5 are, of course, the subject’s re- 
sponses to the changes in these physical factors. 

There is b) no means a simple one-to-one correspondence be- 
tween he occurrence of physical movement and its perception. 
Pm-sical mo\-ement may occur but remain imperceptible, as in the 

20S 
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case of the hour hand of the clodu Moreover, moveinenl may be 
perceived under certain conditions when the physical objects arc 
stationary. Movies, it is well V-nown. do not move but are just a 
rapid succession of stills whidi we see as moving. 

Tiie Perception of a Moving Stimulus 
Thresholds of Percehed Mov<*mcnt. As in the case of other 
perceptual phenomena, there is a threshold which must be reached 
before a moving stimulus is seen as moving. First of all, the physical 
movement must attain a certain minimum velocity in order to be 
detected. There is no one minimum velocity which can be specified 
as the threshold for movement. This value will vary with the size 
of the moving object, its visibility, the intensity of the illumination, 
and the part and state of adaptation of the retina stimulated. For 
example, other thing’s being equal, movement can be detected more 
readily with the fovea than the periphery of the retina. Again, other 
things being equal, the movement of a well'illuminated object can 
be seen more quickly than that of a dimly illuminated one. We 
assume, of course, that such comparisons are made with the stimu* 
lus at a constant distance from the eye. Under the best Niewing con- 
ditions, ie., with foveal stimulation by a clear, well-illuminated 
object placed 2 meters from the eyes, a velocity of sU-lhousandths 
of a foot per second (0.2 centimeters per second) leads to just 
detectable movement. This value gives a good idea of henv slow 
a moving object can be seen to move. There is not only a minimum 
but also a maximum velocity limiting the perception of movement. 
When the velocity exceeds a certain speed (e.g., 44 feet per second 
at 2 meters), a blur or flicker rather than a moving object is seen 
The Effect of Distance. The farther away an object is, Uie 
more slowly does its image move across the retina If we assume 
constant physical velocity, the arc through which the retinal image 
moves in a unit lime becomes smaller and smaller as the n>m cment 
occurs at a greater and greater distance. We would expect, thci^ 
that the object would appear to move more and more slowl\> t e 
farther away it is. Here again, however, we find a discrepanc) 
between the amount of physical change and the amount o c 
perceived. It is true that the farther an object, the more s o« > J 
seems to move. But the decrease in perceived x’elocity is no pro- 
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portional to the decrease in the arc dirough which the retinal imacfe 
moves per unit time. Parallel to size constanc)’, there is a certain 
amount of movement constancy. 

The Relativity of Perceived Movement. As in the case of 
size judgments, it would be difficult to obtain an xmequivocal answer 
to the question of how fast an object appears to move. We may ^et 
an estimate in terms of miles per hour, but we would not Icnow Uae 
size of the units of the subjective scale of speed. It is necessary to 
resort to comparisons between a reference stimulus and a test 
stimulus. Such comparisons will prowde us svith information about 
the parameters on which changes in perceived movement depend 
The following experiment, a classic in this field, pro\ddes us xritb a 
paradigm for the investigation of the conditions of the perception 
of physical movement^ ^ 

The velocity of a test stimulus was adjusted by the subject untii 
It seemed equal to that of the reference stimulus, whose ph^’sical 
velocity was held constant More spedficaUy, a band of paper' with 
figure on It moved past an aperture. In the case of the reference 
stoulus, this band moved uith constant \-elodty. In the case of 
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grating process which makes possible the perception of continuous 
movement. 

The perception of movement on the basis of discrete stimulation 
of different parts of the retina is even more pointedly illustrated by 
the phenomena of so-called apparent movement. Of course, all per- 
ceived movement is apparent, but this phrase has been reserved for 
those special cases in which the stimulus objects remain stationary 
and movement is perceived. 

Optimal Movement and Phi. When two discrete stimuli, e.g., 
two bars of light, are presented in rapid succession, one of several 
types of apparent movement may be perceived. Which kind of 
movement is seen depends upon a variety of factors among which 
the following are most important: the distance between the two 
stimuli, their intensity, and the time interval between the first and 
second stimulus. In order to illustrate the various types of move- 
ment, let us hold constant all factors except the time interval be- 
tween the first and second stimulus. 

Our subject is seated before a screen in a dark room. In this 
screen are two slots, each about an inch wide and 4 inches apart 
These slots can be illuminated in rapid succession, by means of 
separate light sources behind them. We flash the light &st through 
the left slot (L) and 15 milliseconds later, we flash the other light 
through the right slot (R). The subject reports that he sees simul- 
taneously two bars of light. For time intervals up to about 20 milli- 
seconds, the report of simultaneity is given. As the interval is 
further increased, the subject begins to see apparent movement. 
With a time interval of about 60 milliseconds, there is what is called 
optimal movement. The left bar appears to jump over to the right 
one. It is as though the bar itself moved. (Naturally, if R is pre- 
sented before L, the movement is from R to L.) Let us further 
increase the time inter\'al between the two flashes. If we make the 
interval as long as 200 miUiseconds, bars appear in succession and 
without movement. There is no direct transition from optimal move- 
ment to succession. At some time interval between 60 and 200 
miUiseconds, pure phi movement is often seen. The movement 
seems to be divorced from any object, and the subject may describe 
it as pure movement” or perhaps as a “gray flash.” 

Korte s Laws of Movement. For purposes of illustration, we 
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have held constant all factors except the time interval. Variations 
in the distance behveen the bars or in the intensity of illumination 
affect the readiness with whidi apparent movement is seen. The 
relationships among the three variables, time, intensity, and dis- 
tance, have been worked out and are known as Korte's laws. Al- 
though these laws hold only over a limited range of values, they 
still serve to specify in a quantitative manner the conditions of 
apparent movement. The interrelationships among the three s-aria- 
bles may be stated as follows: 

1. If the intensity is held constant, the time interval for optimal 
movement varies directly with the distance between the stimuli. 

2. If the time interval is held constant, the distance for optimal 
movement varies directly with the Intensity. 

3. If the distance behveen the stimuli is held constant, the intensity 
for optimal movement varies inversely with the time interval. 

Let us illustrate statement I. Suppose that optimal movement has 
been obtained for a given set of values of the three variables. If the 
time interval between the 6ashes is now slightly increased, the 
movement may be destroyed. It can, however, be brought back by 
increasing the distance of separation between the bars. The other 
statements may be interpreted in a similar manner. 

.Stroboscopic iVIovcment. The kinds of movement which we 
have just described— the perception of movement %vithoul a moving 
stimulus— have also been lerm^ stroboscopic movement. Originally, 
this term was applied to the movement that results when slightly 
different pictures are presented in quick succession. The pnnciple 
upon which motion pictures depend is the best example of strobo- 
scopic movement. As we know, the apparent movement is brought 
about by the projection at a fairly rapid rate (about 24 frames per 
second) of a series of still pictures. Each of these stills presents a 
slightly different view of the individual or object which is then seen 
as moving on the screen. Animated cartoons utilize the same prin- 
ciple. 

Other Kinds of Apparent Mowmenf. In our previous dis- 
cussion, we have assumed that the intensities of the two stimuli 
were the same. An interesting phenomenon of movement develops 
if the second flash is made considerably brighter than the first. Under 
these conditions, the direction of the movement may be reversed. 
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20, this movement is subject to considerable modification, and the 
phenomenon has been particularly suitable for the investigation of 
social influences on this perception. 

The influence the spatial framework has on the perception of 
movement is further illustrated by the phenomena of induced move- 
ment. When there are only two light objects, in a homogeneous dark 
field, and one of these is in physical motion, movement will be seen, 
but it does not necessarily follow that it is the objectively moving 
object that will be seen to move. What is seen depends not only 
upon the relative displacement of the two objects, but also upon 
some of the factors of spatial organization. Suppose one of the ob- 
jects is the outline of a geometrical design enclosing another. Even 
if it is the larger figure that is objectively moving, the smaller one 
will be seen to move. The larger figure serves as a framework for 
the smaller thing that moves. The framework, being more stable, is 
seen at rest. 

Experiment XIV 
Apparent Movement 

Purpose. To study the dependence of optimal movement upon in- 
•i-'- tensity and upon the time interval and distance between two discrete 
timuli. 

.' Materials. There are many ways of arranging apparatus for the 
'study of apparent movement. One convenient setup is the following. Two 
t small boxes, each with a single slot about one inch wide and 6 inches long 
cut in the front surface, contain the sources of illumination (light bulbs). 
The slots are covered with milk glass. A rheostat is used for altering the 
intensity of the lights. The time interval between the onset of the two 
lights is automatically controlled by an interval timer. Such a timer can 
employ a disk driven at a constant speed with contact switches located 
on its circumference. The contact switches should be such that the lights 
are on for a very brief interval. There are also, of coiurse, electronic inter- 
val timers. The distance is controlled by the position of the light boxes. 

Procediure. The experiment should be conducted in a dark or dimly 
lighted room. The subject is seated about 6 feel from the two light boxes 
which are placed on a table. The distance between the boxes and the 
intensity of the lights are set to some arbitrary values (say, with the slots 
6 inches apart and the lights fairly bright). The time interval between 
the two lights is, then, systematically varied from about 20 milliseconds 
to about 200 milliseconds. After each presentation of the two lights, the 
subject reports what he saw. When he sees the one bar of light moving 
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o\’er to the other, he sees optimal moii'etnent. The time inlef\ils at which 
simultancit)', optimal movement, pure phi, and successi\-ify occur, are 
noted. The intensity of the hghts fa then reduced and this procedure re- 
peated. Finally, the distance betwTcn the bs-o boxes is \-aried and the 
time interval of optimal mmement fa again determined. If time pennits, 
it is desirable Irniher to test Korte* lau-s, stated on p. 211, bj- holding 
the time inler\'3l constant at, say, 60 milliseconds, and simultaneously 
>ar>ing the distance and mtensity to obtain optimal trm-emeiit. 

Treatment of Results. For each combination of intensity and of 
distance bebseen the bars, state the tune intervals at which each of the 
tj’pes of apparent mo\*ement is seen. Compare the results obtained wnth 
the predictions made upon the basis of Korte's b«i. Note especially 
whether or not pure phi (mo\-ement without an object) is more readily 
seen under one condition than another. 
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20, tMs movement is subject to considerable modification, and the 
phenomenon has been particularly suitable for the inv'estigation of 
social influences on this perception. 

The influence the spatial framework has on the perception of 
movement is further illustrated by the phenomena of induced move- 
ment. When there are only two light objects in a homogeneous dark 
field, and one of these is in physical motion, movement will be seen, 
but it does not necessarily follow that it is the objectively moving 
object that will be seen to move. What is seen depends not only 
upon the relative displacement of the two objects, but also upon 
some of the factors of spatial organization. Suppose one of the ob- 
jects is the outline of a geometrical design enclosing another. Even 
if it is the larger figure that is objectively moving, the smaller one 
ivill be seen to move. The larger figure serves as a framework for 
the smaller thing that moves. The framework, being more stable, is 
seen at rest. 

Experiment XIV 
Apparent Movement 

Purpose. To study the dependence of optimal movement upon in- 
tensity and upon the time interval and distance between two discrete 
stimuli. 

; Materials. There are many ways of arranging apparatus for the 
• study of apparent movement. One convenient setup is the following. Two 
small boxes, each with a single slot about one inch wide and 6 inches long 
cut in the front surface, contain the sources of illumination (light bulbs). 
The slots are covered with milk glass. A rheostat is used for altering the 
intensity of the lights. The time interval between the onset of the two 
fights is automatically controlled by an interval timer. Such a timer can 
employ a disk driven at a constant speed with contact swtches located 
on its circumference. The contact switches should be such that the lights 
are on for a very brief interval. There are also, of course, electronic inter- 
val timers. The distance is controlled by the position of the fight boxes. 

Procedure. The experiment should be conducted in a dark or dimly 
lighted room. The subject is seated about 6 feet from the two light boxes 
which are placed on a table. The distance between the boxes and the 
intensity of the fights are set to some arbitrary values (say, with the slots 
6 inches apart and the lights fairly bright). The time interval between 
the two fights is, then, systematically varied from about 20 mflliseconds 
to about 200 milliseconds. After each presentation of the two fights, the 
subject reports what he saw. When he sees the one bar of light moving 
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over lo the other, he secs optimal ino\'enient. The time inter\-ab at which 
simultaneity, optimal movemen!, pure phi, and sueccssinty occur, are 
noted. The intensity of the lights is then reduced and this procedure re- 
peated. Finally, the distance between the hvo boxes is \aried and the 
lime interval of optimal mo\-ement is again determined. If time permits, 
it is desirable further to test Kortes bws, stated on p. 211, by holding 
the time inler>'al constant at, say, CO milliseconds, and simultaneously 
varying the distance and intensity to obtain optimal movement. 

Treatment of Results. For each combination of intensity and of 
distance between the bars, state the time intervals at which each of (he 
types of apparent movement is seen. Compare the results obtained' with 
the predictions made upon the basis of Korte's laws. Note especially 
whether or not pure phi (movement without an object) is more readily 
seen under one condition than another. 
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EXPERIMENTAL ANALYSIS OF JUDGMENT 


RESPONDING to objects in our emironmcnt often involves making 
judgments about them. Many situations contain elements of doubt 
and uncertainty. WTien we settle a doubt or resolve an uncertainty, 
we make a judgment. Sometimes our judgments express the tj’pe 
of fine discrimination which we study in psychophysical experiments. 
We decide whether or not a weak stimulus is present, such as a faint 
tone or light; we judge hvo stimuli as same or different. More often 
than not, the judgments which wc must make do not call for minute 
discriminations of this kind nor do xve ahvays judge such dearly 
defined attributes as loudness or bnghtness. On innumerable occa* 
sions, we judge situations as strange or familiar, threatening or re* 
assuring, interesting or dull, and in terms of many other qualities. 
We must dedde whether an action Is ethical or unethical, useful or 
futile. Daily we must judge people as good or bad, able or incom- 
petent, friendly or hostile. Such judgments continually determine 
our course of action and are verified or disproved by the results of 
our actions. 


Tiie Tasks of Analysis 

The experimental analysis of judgment faces three major tasks: 
(1) an adequate description of the stimuli judged and of the situa- 
tion in which the judgment is made; (2) an analysis of the charac- 
teristics of judgments, such as their vanabilily, the speed and con- 
fidence with which they are made, and (3) the establishment of 
lawful relationships between the properties of the stimulus situa- 
tion and the characteristics of judgments. In searching for such 
relationships, the experimenter should not forget that ft is a penon 
with well-established habits, vxilues, and needs who makes the 
217 
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judgnionls. No account of judgment can ever be complete which 
fails to take account of such factors "in tlie person. 

Types of Judgment 

Virtually anything may be tlie object of a judgment: a physical 
object, an abstract thought or proposition, any event, past, present, 
or future, actual or hypothetical. A classification of judgments ac- 
cording to the object judged would, therefore, be difficult, cumbrous, 
and at best, of little practical use. It is more profitable to attempt a 
systematic classification according to the iype of response which 
mediates tlie judgments.^ 

Perceptual Judgments. Judgments may reflect the way a sub- 
ject perceives an object or some cliaracteristic of an object. A tone 
may be judged loud or soft, high-pitclicd or low-pitched. A design 
may be judged symmeb-ical or asymmetrical, large or small. In a\l 
such cases, the subject’s judgment is based on a particular aspect 
or dimension of his percepbial experience. A loud tone may be high 
Qr low in pitch. But, in judging loudness, we try to disregard pitch; 
in judging pitch, to disregard loudness. A large design may be sym- 
metrical or asymmetrical. In judging symmetry, we disregard size; 
in judging size, we disregard symmetry. In making any one simple 
perceptual judgment, we concentrate on a given characteristic of 
the stimulus object to the exclusion of its other characteristics whiclr 
are not relevant to the judgment. 

Affective Judgments. An affective judgment e.xpresses an in- 
dividual’s like or dislike for an object, its pleasantness or unpleasant- 
ness for him, in short, its personal value. In judging a tone loud or 
soft, we should pay no attention to the fact that hearing tlie tone 
may be a pleasant or an unpleasant experience. In judging a design 
as symmetrical or n.s)'mmetrical, die fact tliat sjunmehy m.ay be 
"pleasing to the eye” is irrelevant. In affective judgments, it is pre- 
cisely tliis kind of personal reaction which is made explicit. A large 
varietj' of stimulus materials have been used in experiments on af- 
fective judgment: foods, drinks, and odors as well as words and 
pictorial materials. Typically, it has been the subject’s task to rate 

r For the AassificaHon of judgments presented here, we are indebted to 
Donald Johnson, A sj-stcmatic treatment of judgment, rsychal Bull, 19‘15, 
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such stimuli on a scale of pleasantness-unpleasantness, or accept- 
ance-rejection, ranging from maximum acceptance, through indif- 
ference, to maximum rejection. Subjects usually find it quite easy 
to make such judgments and arc fairly consistent \vith themselves 
from one occasion to another. 

Affective judgments are also often obtained in the measuirment of 
social and political altitudes. In attitude questionnaires, u-e are often 
asked to rate various national or social groups in the order of our 
preference. \Ve are asked to indicate whether certain tj*pes of 
people are acceptable to us as neighbors, colleagues, or friends. In 
essence, such judgments are affc<rtive judgments since the)* are 
based on our personal values and inclinations rather than on an 
attempt to gauge the “objective" situation as accurately as possible. 
It is important to point to the continui^* of the processes under- 
lying the type of affective judgment studied in the laboralor)* and 
the type of judgment whic^ springs from our political and social 
ottitudes. 

Affective judgments arc readily made, but often the judge would 
be at a loss to state what spedfic characteristics of the stimulus 
object are resporuible for his acceptance or rejection, for experienced 
pleasantness and unpleasantness. Tlie results of past conditioning 
and learning and deep-seated motives all come Into play, often in 
subtle wnys of which the subject is unaware. Through S)3tematic 
variation of the stimulus materials and intensive study of his sub- 
jects, the experimenter may sometimes gain at least partial insight 
into the determinants of affective judgments. 

Conceptual Judgments. Frequently, judgments are based on 
abstract or conceptual characteristics of the stimulus objects, char- 
acteristics which are derived from some scheme of classification. A 
botanist classifying plants or a zoologist classif)ing animals assigns 
specimens to %’arious categories by j'udging such characteristics as 
manner of reproduction or skeletal structure. A scienUsl evaluating 
theories according to their comprchemivcncss or consistency, or a 
logician judging propositions according to their conformance wlh 
formal rules, pro\ides another example of conceptual judgment 
Finally, many of our judgments of personality are of the abstract 
or conceptual type when we attempt to e%*3luatc people in terms of 
such traits as codperativeness, consdcnliousness, or liberalism. To 
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make such judgments, we usually need some “yardstick,” some 
ready-made categories in terms of which we ju^e the concrete 
cases which we encounter. For example, we may use a scale of 
honesty, ranging from scrupulous uncompromising hone^ to de- 
liberate deceit, and try to place any given indixudual somewhere 
along this scale or “continuum.” Conceptual judgments are diEBcult 
to make because of tlieir very abstractness. Often, what we believed 
to be a conceptual judgment may turn out, after searching analysis, 
to be an affective one. 

Conceptual Judgment and Thinking. Conceptual judgments 
are processes which are frequently considered under the heading 
of “thought,” for successful thinking often depends on the abih'ty 
to abstract relevant features from a complex situation and on the 
use of dassificatorj’ schemes. The analysis of thought, in its broad 
sense, cannot, of course, be equated with the analysis of conceptual 
judgments. The interdependence of thought processes with percep- 
tual functions, learning, memor)’, and transfer of training must be 
considered. In this book we shall limit ourselves, however, to 
analyses of these basic cognitive functions which come to tlieir 
fuU fruition in what we call thought. Our understanding of thought 
will depend on the thoroughness of our grasp of the basic cognitive 
processes. 

The Expression of Judgments 

There are two general waj's (by no means mutually exclusive or 
incompatible with each other) in which we can study another per- 
sons judgments; (1) verbal report, and (2) inference from non- 
verbal behavior. 

Verbal Report. We can ask our subject to report his judgment 
verbally, expressing it either orally or in writing. Our subject xvill 
readily inform us whether he judges one tone louder than another, 
xvhether an odor is pleasant or unpleasant, whether he considers 
a person honest and cooperative. With proper instructions and train- 
ing, most subjects are able to refine their judgments and make 
quantitative distinctions among different amounts of the charac- 
teristic judged. They can assign different degrees of pleasantness 
and unpleasantness to taste or odor, indicate varjung degrees of 
agreement or disagreement %vith a political statement, use a gradu- 
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aled scale of honesty or cooperativeness In their es-aluation of people, 
and so on. Such verbal reports have been used vex)' widely in the 
experimental Investigation of judgment 
Inference from Nonverbal Behavior, A verbal or written re- 
port is, however, only one way in which a judgment can be expressed. 
Williout asVing any questions or recciv ing any reports, we can ob- 
serve an individuals behavior and infer from his behavior what 
judgments he has made. Suppose we confront a hungr)' individual 
with two foods. He eagerly eats one of the foods but docs not toucli 
the other, even withdraws from it or pushes jt away. His behavior 
expresses a judgment of preference* he likes one food better than 
another. We infer his judgment from the choice he makes. In this 
sense, vve can study the “judgments" of organisms which are in- 
capable of verbal communtcaUon. As long as subjects make con- 
sistent choices among altcmabve stimulus objects, Uicy tell us their 
judgments as clearly as they could by any verba! statement 
Tliere is no inherent contradiction between these two methods ol 
studying judgment. It would be a serious error to s.iy that in studying 
verbal reports vve deal with “mere words," whereas the other metliod 
is concerned with 'real behavior” Verbal reports are as much be- 
hewer as are muscular movements. In man. so much problem-solving 
behavior— and judgment is a type of problem solving— is mediated 
by words and symbols that vrrbal report provides at least one im- 
portant avenue of approach to the study of judgment. Critics have 
sometimes raised the question of how sure we can be that a penon 
expressing a judgment is “telling the truth " He may hold one judg- 
ment and express another, perhaps in order to please the experi- 
menter. But the same criticism may be applied to inference based 
on nonverbal behavior. An individual may pursue one course of 
action although he may prefer another Our conclusion is that vve 
can never do more than study overt behavior. Such behavior ma) 
be verbal or nonverbal, and it is dangerous to consider one type of 
behavior as inherently more important than another. Each has its 
place in the experimental analysis of judgment. 

SmtULus Scales and Respo.nse Scales 
We have stated as the general aim of the experimental analysis 
of judgment the establishment of law'ful relationships between the 
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properties of the stimulus situation and tlie characteristics 'of judg- 
ments. Wherever possible, we should like to state these relationships 
in quantitative terms. To achieve this goal, we need (1) quantitative 
indices for tlie description of the stimulus objects, and (2) quantita- 
tive indices of tlie variations in judgments. In short, quantification 
depends on tlie availability of proper stimulus scales and rcsfwme 
scales. Let us illustrate the concepts of stimulus scale and response 
scale by means of a simple example. 

The stimulus objects are five lines of different lengths, say, 2, 4, 
6, 8, and 10 inches. These lines are presented to the subject in 
random order, and he is instructed to judge each line as long or short. 
At first tlie subject will be guessing, since he does not know what 
range of lengths the series comprises, but after one or t\yo rounds 
of stimulus presentations, his judgments will settle down. He will 
almost invariably call the 2-incli line short and the 10-indi line long. 
His judgments of the 6-inch line will probably be variable, and he 
will call it long part of the time and short part of the time unless he 
is making a constant error of overestimation or underestimation. The 
series of lines ranging from 2 to 10 inches is the stimulus scale. The 
responses, long and slwrt, constitute a simple, tivo-category response 
scale. Furthermore, it is possible to state a quantitative relationship 
between tlie two scales. We can estimate that length of line whicli 
is likely to yield 50 percent of judgments of long and 50 percent of 
judgments of short,- i.e., tlie threshold or “boundary” separating tlie 
categories long and short. 

We may now require our subject to make finer distinctions in his 
judgments and to use three categories of response: long, short, and 
medium. The 2-inch line would still be called short almost invari- 
ably, and tlie 10-inch line, long. The 6-inch line would probably be 
called medium on the majority of the trials. The 4-inch line would 
probably be called medium part of the time and short- part of die 
time; similarly, tlie judgments of the 8-inch line would be divided 
behveen medium and long. While the stimulus scale remained the 
same, tlie subject s response scale has been refined and now includes 
three categories. The tlireshold of each of tliese categories can be 
computed. 

“ Tho computational procedure for estimating a category tlireshold is de- 
scribed in Chapter 2 in connection with the method of constant stimuli. 
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The Judges task may be rendered even more exacting, ^\’e may 
ask him to UiC the integers from 1 to 5 in judging the lines, calling 
the shortest 1, and the longest 5. After some training, a subject can 
perform this task successfully and assign the numbers to the differ- 
ent lines with a high degree of consistcnc)’. Again the thresholds 
of the various categories can be calculated. TTie stimulus scale is still 
the same, but the response scale lias been refined e\'cn further and 
now comprises as many response categories as there are stimulus 
items. A response scale results whenever numbers ( or other symbols ) 
are assigned to stimulus objects in accordance svith pcrcei^cd 
changes in magnitude. Clearly, response scales are highly flexible. 
To a given stimulus scale, tlicre may correspond a variety of response 
scales, ranging from two-categorj* judgments to a refined scale re- 
quiring many and difficult discriminations on the part of the judge. 

The RelaUvity of Judgments 

The experimental procedure which we have illustrated In the pre- 
ceding paragraphs is knowm as the mcOwd of single sllmuU. The 
meth^ derives its name from the fact that each stimulus to be 
judged is presented singly, without a standard stimulus. The method 
of single stimuli is representative of many judgments which we have 
ft> make in daily life. Frequently wc do not judge objects in pairs 
but rather judge them one at a lime. Wc see a movie and we call it 
interesting or dull without comparing it with some standard movie. 
We call a persons voice loud or soft without comparing it to a 
standard voice level, and so on. But even tJiough wc may be judging 
one object at a time, such judgments arc, nevertheless, relative to a 
response scale which wc have acquired in the course of daily living 
We have seen a large number of movies and so liave acquired a 
personal response scale for rating tlicm, ranging from very interest- 
ing to very dull. We have heard a great many voices and, again, 
have acquired a personal response scale, ranging from verj' soft 
to very loud. When wc judge any single object, we place it, ollen 
without making an explicit comparison, somewhere along tlie range 
of similar objects which wc have experienced. We then assign to if 
a value along the personal response scale which we liave for this 
type of stimulus object. In making our judgments, we measure things 
with a subjective prdslick (personal response scale), a yardstick 
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whicli we acquire as a result of being exposed to a range of stimulus 
objects. 

Such subjective yardsticks are highly flexible, and response scales 
readily shift, expand, and contract with a change in the context in 
which the judgments are made. Suppose we change our series of 
lines so that the series now consists of lines 10, 12, 14, 16, and. 18 
inches long. We again require our subject to use two categories of 
response— Tong and short. As soon as he is acquainted with the series, 
he \viU call the 10-inch line short on most trials. But in the previous 
series, he usually called this very same line long. Obviously, the 
context in which this line is judged has been radically altered; it 
occupies an entirely difi^erent position in the stimulus series. At any 
moment in time, the effective response scale is determined hy the 
nature and range of stimuli to which the judge is responding. Recall 
again the type of judgments which we continually make about ob- 
jects around us. A book is small, and a man is large. But if a house is 
large, then a man is small. And if a book is small, and a house is 
large, then a man is of medium size. 

All judgments, then, are, in the last analysis, comparative judg- 
ments. Sometimes the comparisons are made explicit, as in psycho- 
physical experiments which provide the subject with a standard 
stimulus on every trial. Often the comparisons are not explicitly 
made as in the method of single stimuli, in which case each stimulus 
object is evaluated in terms of its position in the series to which it 
belongs. 

The Anchoring of Judgments 

Let us return for a moment to our experiment on the judgment of 
lines. The stimuli are again 2, 4, 6, 8, and 10. inches in length. A 
subject has learned to assign the numbers from 1 to 5 to them, with 
satisfactory consistency, caUing the shortest line 1, and ihe longest, 
5. We now introduce a 15-inch line into the series and instruct our 
subject to consider this line as representing the category 5. We then 
resume the experiment and ask our subject to assign the numbers 
1 to 5 to each line presented singly as before. Of course, he will 
now virtually always call the 15-inch line 5, but his judgments of the 
other lines will be affected as well. In general, he will be inchned 
to assign lower numbers to the different hnes than he did before. 
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The S-inch line, for example, uhich pir\-ic»tisl_v hail jiKli^\l -I 
most of the time, will now frequently bo called S. SimiUtly, the 
6-inch line will be called 2 more often than pre\iouslv. In relation 
to the IS-inch line, all the other lines are liVcly to. apjvar shorter 
than the}’ did before. If, instead of a 15-inch line^ wx* had addtxl a 
line Ji inch long to the series, the judgments would haw l>een pulleil 
in the opposite direction: to most of the lines higher mmd^ers would 
have been assigned than before this addition to the series. ,\ 4-Inch 
line would then be likely to be called 3 where it had nsnally l>een 
called 2, an S-inch line would frequently be nssignotl the miinlHT 5, 
and so on. 

Tlius, the response scale can be aUered appreciably by a change 
in the stimulus scale. Expressing it a little dtiTerently, we can s.iv 
that the response scale is anchored to the stinuihis scale, and that 
a change in the stimulus scale leads to a reanchoriiig of the resix>nse 
scale. The reponse categories asailable to the subject (say, the num* 
bers 1 through 5) must be distributed among the various stimuli In 
the scries. When the stimulus scries is changal, the responses must 
necessarily be redistributed. Tlie redistribution of rt'sponses has to 
be such as to encompass tlic new stimulus ns well ns the old ones. 
The response categories may have to cover n wider ratige of stimuli. 
In our experiment, the numbers 1 to 5, which bad been iisixl for a 
range from 2 to 10 inches, had to be redistributed to cover n range 
from 2 to 15 inches or from 3* inch to 10 inches. As a result, the 
relative position of each of tlic old stimuli was changed, making 
them appear shorter in one case, longer in the other. A stimulus 
which is added to a scries and leads to a redistribution of judgments 
is k-novvn as an onc/ioring sHmtiJus. Tlic redistribution of judgmenti 
resulting from the introduction of an anchoring stimulus is called 
anchoring. 

Anchoring is a general principle of judgment and has been dem- 
onstrated with a variety of stimulus materials- Jiidgmoiils of weights, 
of the inclination of lines, of the length of temporal intervals ns well 
as aesthetic and affective judgments have all been shown to he 
1 1 — <• s—v r-—— -% 9 ^sible to change ills- 

scries and. Ihus, fr- 
ies. Indeed, It Is not 

always necessary actiially to aiH anchoring stimuli In a .erl. ., Some. 
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times it is su£Bcient to ask a subject to bold an anchoring stimulus 
in mind while making his judgments. Instead of show-ing a 15-indi 
line to our subject, we could have asked them to imagine a 15-inch 
line as defining the category’ 5, and a redistribution of judgments 
would have occurred similar to that resulting from the actual presen- 
tation of the anchoring stimulus. 

Andioring p.'periments provide a dramatic illustration of the rela- 
tidt)' and fle.\ibilit}' of judgments. A response scale is always 
andiored to tlie stimulus scale to which it is applied. Changes in the 
stimulus scale cause tlie response scale to be reanchored and, con 
sequently, tlie response categories to be redistributed among the 
stimulus objects. Truly, there is notliing absolute or fixed about any 
judgment 

Some General Principles of Judgment 

In spite of the great x-ariet)' of stimulus situations which have 
been used in tlie e.vperimental analysis of judgment, certain general 
prindples ha\ e emerged. We have already emphasized tlie relativ- 
ity of all judgments as well as tlie universality of andioring phenom- 
ena. There are otlier principles which appear to be characteristic of 
tlie process of judgment in general, regardless of the particular 
stimulus objects and tlie particular attributes winch are judged. 
Some of these general principles refer to properties of response 
scales, otliers focus on tlie way in whidi the judge goes about mak- 
ing his judgments, tlie nature of his perfonnance. Here are some 
of these general principles. 

The Central Tendency of Judgment. In many situations sub- 
jects show a pronounced tendency to avoid extremes in their judg- 
ments, to use the center of tlieir response scale more heavily tlian 
the extremes. In judging sizes of a series of objects, for example, the 
extremely small ones are likely to be overestimated, and tlie ex- 
tremely large ones to be underestimated. Similarly', when tlie lengtlis 
of time intenxils are judged, the extremely' short ones are judged 
too long, the estimates of the ex'treniely' long ones are too short. The 
judgments are displaced from the e.vtremes toward tlie center. This 
fact is aptly described as tlie central tendency of judgment The 
central tendency' of judgment has been demonstrated TOth a x'ariety 
of stimulus materials, including judgments of personality variables. 



EXPERIMENTAL ANALYSIS OF JUDGMENT £27 

In /udging intelligence, we hesitate to call an indiWdual a moron or 
a genius and settle for a safer and less colorful rating, ^^'hen moral 
judgments arc inv-olved, judges may feel an even greater need to 
sbrjnJc away from extremes. 

The Round'Number Tendency. Response scales differ fn the 
number of categories whicli th^ include. Some response scales, as 
we have seen, comprise only two categories (e.g., long and short); 
others Include much larger numbers of categories, e.g., all the num- 
bers from 1 to 10, 1 to 20, and so on. WTien judgments h.ive to be 
expressed by assigning numbers to stimulus objects, subjects sho^v 
clear preferences for some numbers over others. They will habitually 
favor round numbers, such as 5, 10, 15. 20, etc., or even numbers. 
Th/s tendenej’— the round-number tcndcnaj^can be obsen'cd fn 
many practical situations. In grading tbeir students on a sc-ale Irom 
0 to 100 tcachcn will shmv it. as wilJ judges deciding on the exact 
length of a crimlnars sentence when the la^v prescribes only a cer- 
tain range. Nor are scientists immune from it when reading instru- 
ments and graphic records. The round numbers provide^ as It were, 
clear-cut landmarks along the response scale. Preference for them 
is continually reinforced by daily usage Such habits of response 
readily assert themseh-es whenever and wherever judgments have 
to be made. 

Variability at Different Roints of the Rcsjionsc Scale. The 
same j'udgmcnt is not al»’ays given m response to the same stimulus 
(see Chapter 2). The greater the scatter of responses to a given 
stimulus, the greater the variability of the judgment. Wien a series 
of stimuli is judged (such as m our experiment with lines of different 
lengths), judgments of stimuli near Uie center of the scries t)’pically 
show greater variabilit)' than judgments of stimuli near the extremes 
of the series. Even though the physical distances beriveen successive 
stimuli arc equal (e.g., itnes of 2, 4, 6 inches, etc.), it seems that 
subjectively the distances near the extremes are larger than the)* 
are toward the center of the scale. Ifrmcc, discriminations near the 
center are more difficult and more varfcible. 

The Halo Effect. WTien faced with the necessity of making a 
difficult judpnent. we may substitute a general impression for a pre- 
cise discrimination. \Vc may Invoke, wittingly or unwittingly, irrel- 
evant information to help us make the judgment. Judgments of 
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specific personality’ cliaracteristics are often determined in this man- 
ner. When ashed to evaluate sudi characteristics of a person as 
honesty, friendliness, reliability, arid so on, each of our judgments 
may he influenced hy a general impression which we have formed 
of dial person; or our knowledge of one cliaracteristic may color our 
judgments of all others. We may know from experience tliat a person 
is honest and, thereby, he predisposed to rate him high not only 
in honesty, but also' in friendliness, reliability, and other cliarac- 
terisdes as well. When a generalized attitude deternrines the judg- 
ments of specific cliaracteristics, we speak of tlie /lalo effect. The 
halo effect has been observed most frequently in judgments of per- 
sonahty'. The halo effect is especially’ pronounced when character- 
istics earning moral approval or disapproval are judged. In general, 
whenever a subject is required to judge rague or poorly’ defined 
diaracteristics, his judgments may become subject to die halo effect. 
One should not conclude too hastily', however, diat there is a halo 
effect just because a judge assigns similar ratings on a I’ariety of 
characteristics. Only if it can be shoiTO on independent eiidence 
that such unifonnly’ high (or uniformly low) judgments are in\*alid, 
can a halo effect be reasonably’ inferred. 

The Atmosphere Effect. The atmosphere effect is closely re- 
lated to die halo effect arid exemplifies another way’ in which a 
judgment may’ be detennined by’ a general impression rather than 
by an exact discrimination. In judging the ralidity of sy’llogisms, 
for example, subjects may be guided not only bv formal logical con- 
sideradons but by the “atmosphere” created by’ the premises, \tffieh 
one of die premises is negative, e.g., “no xs are t/’s or “some xs are 
not i/’s,” a negative atmosphere is created, and subjects are inclined 
to accept a negative conclusion. Similarly’, the presence of a “particu- 
lar” premise, i.e., a statement such as “some xs are ijs” predisposes 
subjects to favor a conclusion of die same type even diough this con- 
clusion be logically invalid. As in the case of the halo effect, the 
judgment depends on a general attitude toward the stimulus objects. 
The close similarity between die halo effect in judging personaliti’ 
and die atmosphere effect in logical reasoning serves to emphasize 
the basic continuity of die processes which operate in judgment and 
in reasoning or “drinking.” 

O O 

Judgment Time, Confidence, and Difficulty of Judgment. 
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One diaractcrislic of judgment which varies sj'stcmaUcally with 
changes in the stimulus situation is the speed with Asliich the judg- 
ment is made. Of course, every judgment tales a certain amount of 
time. But how much time elapses between the presentation of a 
stimulus and the subject s report is not accidental or haphazard. In* 
deed, speed of judgment may be more sensitive to cliangcs in the 
stimulus situation than the subjects report flie experimental work 
on the relationship between judgment time and other characteristics 
of judgment has given rise to a number of generalir-ations: 

1. The greater the difBcuIty of the discriminatton, the longer is the 
judgment time. This fact can easily be demonstrated in a con- 
ventional pS)'chophysical experiment. If the perceived difference 
between the standard stimulus and the comparison stimulus is 
large, the judgment (larger or smaller) is usually given quite 
rapidly. If, on the other hand, tlie difference between the two 
stimuli is small or zero, the judgment is usually given much more 
slowly. The same general relationship between difficulty and 
speed of judgment can be shown in other judgment situations os 
well. Suppose, for example, a worker has to classif)’ the products 
of a factory as either meeting specifications or as defective. Those 
items which arc clearly defective or dearly superior will be class!* 
fied quickly. It is tlie borderline cases which will be judged most 
slowly. In general, those stimulus objects whicli fall near the 
threshold of a response category will be judged more slowly than 
those which are dearly above or below the tJireshold. 

2. Correct judgments are made more quicUy than incorrect judg- 
ments. This relationship follows nccessanly from the fact that 


and frequently wrong, judgments require long times as compared 
with less variable, and usually correct, judgments. 

3. The more confident a subject is about bis judgment, the shorter 
the judgment time. ^Vhen a judgment is difficult, eg., when a 
very* fine discrimination is requi^, the subject not only makes 
his judgment slowly, but he is also likely to have little confidence 
in his judgment, certainly less confidence than in a judgment 
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whicli is easily and quickly made. Thus, there is an inverse rela-; 
tionship between judgment time and the degree of confidence 
which the subject expresses. This relationship has been frequently' 
established in experimental investigations. 

The Rehability and Validity of Judgments 
Reliability. Reliability refers not to the correctness or incorrect- 
ness of a judgment but to the consistency with which a judgment is 
given in response to a specific stimulus object. If a given stimulus 
object always evokes the same judgment, we have complete re- 
habihty. At the other extreme, if the judgments vary as widely as 
they would if the judges were guessing at random, we have com- 
plete lack of rehability. In most practical situations, neither of these 
extreme conditions is found. Few judgments have 100 percent re- 
liability; nor do we usually encounter zero reliability. In most cases, 
judges show a fair amount of consistency which safely takes their 
performance out of the realm of random guessing. 

In the analysis of judgments, we may be concerned with tw'o 
types of reliability: (1) the reliability of the judgments made by one 
judge and (2) intequdge reliability. 

In the case of a single judge, we can inquire how consistent he is 
in his responses to a set of stimuli. To answer this question, we can 
require him to repeat his judgments on two (or more) occasions and 
correlate the two (or more) sets of judgments. If the correlation is 
high, his judgments have high rehability. This method of testing 
rehabihty sometimes runs into difficulties, for the judge may remem- 
ber his previous ratings (say, in judging a group of individuals on 
some personality trait) and the test becomes in part a test of memory 
rather than a check of consistency. 

The problem of rehability of judgments can be approached from 
a somewhat different point of view. Taking some attribute or char- 
acteristic (say, again, some personality trait), we can question how 
consistent different judges are with each other in their judgments. 
Rehabihty may then be determined by correlating the judgments of 
different individuals. the correlation is perfect, we have complete 
interjudg:e rehabihty. If the correlation is zero, the rehability is nil. 
If there is satisfactory agreement between the judges, we can use 
their mean judgment as a better estimate of the attribute in ques- 
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tion than either of the JiulgmNils laleo ihiplr. iSojjirl/jiieii. \\},rn 
highly abstract or complex Jmlgnients are hwilvnl. (t if aiMi.Uiln 
to average the responses of ntany more than two Indgn. 

Validity. A judgment is valid to llio extetit that It I* linli'nnitl. 
ently x-erified by the use of an rxtrnuil crUfrhm. In iiinrty [n«lini<<'f 
validation must come from the ohscrvalloii of hehiix lor. For rininph', 
if a personnel ofijccr judges a pros/xrcMvo i'i»i>h>yi‘4* in }n> 
tivc and conscientious, his jtidgrnrnti can hr vnlldilcd u|;.ilni| ||in 
worker’s subsequent conduct. To tho extent that /)rrdl<lionf nindr 
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the validity of judgments increases with the nurnh'T of Judj^e*, 
Often it is diiScult to find art external cTilerlou for the vnll'lulloo 


or wrong. It is possible, however. Up CPHiihUt » jod}0:'i x'tlooi m 
criteria of x-aldit)*. To the extent, tJjen, that a jotly»''» r , 

the choices he makes, are in accord with aJhM)v»- tiA 
judgmeols he cipressei, these |tjdgn^»er<ti vay fyr 
ralid. 

It is important to t»se Lbat higUy r»^IiahV fAy/i-m't toiy I,*' 
valid. A judge or group cf \u 0 

judgment which is proxen fcr.-aLd i/y 

depends entirely on ll>e exlerS to wiich tn U •tt 

out the assertion made c the •- 
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now illustrate the procedure using a series of weights. A convenient series 
would consist of the following weights; 60, 80, 100, 120, and 140 grams. 
All the weights should, of course, be indistinguishable from each other 
by external appearance. A rotating table is a useful device for the presen- 
tation of the weights, but they may also be presented by hand. 

Experimental Procedure, ilie experimental procedure falls into 
three parts: (1) an initial, practice series; (2) the training series, during 
which the subject establishes a scale of responses to the series of weights; 
and (3) several anchoring series, during which the response scale is 
modified by the introduction of anchormg stimuli falling outside the origi- 
nal series of weights. The weights are presented and judged one by one. 

1. Practice series. For the practice series, the subject is instnicted as 
follows: 

“I shall present to you five different weights in random order. I want 
you to judge the heasuness of each wei^t, using the numbers 1 to 5. 
Call the lightest weight 1, and the heaviest weight S, and assign the 
other numbers in tlieir proper order to the intermediate wei^ts. As 
soon as you have lifted the weight, tell me the munber which you 
wish to assign to it. At the beginning you uill, of course, be guessing, 
but you will soon learn to discriminate the different weights.” 

With a series of five weights, a practice series of twenty-five trials 
should be sufiScient. Thus, each weight is presented five times in random 
order. 

2. Training series. After the initial practice series, a training series is 
given. This series may consist of 100 trials, with each weight pre- 
sented twenty times in random order. The subject is instructed to 
continue making his judgments as before. 

3. Anchoring series. Following the training series, the anchoring stimuli 
are introduced. It is useful to run at least two anchored series, one 
with a large anchoring stimulus (heavier than any weight used in the 
series) and one with a small anchoring stimulus (lighter than any 
weight used in the series). If time permits, it is, of course, possible to 
use more than two anchored series. The order in which different an- 
chors are introduced should be balanced. If there are tsvo anchoring 
stimuh, one large and one small, half the subjects should receive the 
large anchor first; the other half should begin with the small anchor. 
If there are more than two anchored series, similar schedules of rota- 
tion can be worked out. 

Suppose a weight of 180 grams is chosen as the heavy anchoring 
stimulus. On each trial, the subject first lifts the anchor sveight and then 
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one of the weights from the regular series which he continues to Judge ss 
before. The subject is given the following instructions: 

“In the series which ^oIJo^vs, you ore to conbnue judging the weights 
as before. From now on, however, you will be given ttco wTights to 
lift on each trial. Tlie first weight will be a standard which will remain 
constant on all trials. Use this first wei^t to define the category 5, l.e., 
the standard will represent a weight to wliich the number S is to be 
assigned. The second weight will be one of those )‘OU luve judged 
before. Continue to assign numbers to them just as you did in the pre- 
ceding series, ncmember, use the first weight merely as a standard or 
reference and always judge the second weight." 

Choosing a weight of, say, 20 grams, as the lighter anchor, the in- 
structions given to the subject are identical with those given for the heavy 
anchor series. In this case, however, the anchor defines the category 1, 
rather than the category 5, and I is substituted for 5 throughout the 
instructions. 

Treatment of Results. The eTperimenter records each judgment on 
a prepared score sheet. For each of the senes, he then prepares a dii* 
Mbtition of fudgmenU which may look somewhat as is shown in the ac- 
companying table. 


Stimulus Wcfciit Frenuency of Judgment 



00 

80 

100 

120 

140 

Thus the frequency w'ith which the numbers 1 to 5 were assigned to 
each stimulus weight is recorded. It is now possible to determine die 
thvshold for each of the categories For a given category, the threshold 
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termined for all the series. , , , .l • u 

The important result to look for Is the thift in category threshold 
cauwl bv the introduction of anchoring stimuli. It Is to be expected that 
introduction of a heavy anchor wiH tend to raise the category threslwlds, 
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especially in the upper parts of the scale, i.e., of those categories nearer 
to the anchor. Conversely, the introduction of a light anchor should result 
in a general lowering of the category thresholds, especially in the lower 
part of the scale, i.e., again in that part of the scale which is closest to the 
anchor. The extent of the shift is a quantitative index of anchoring. To 
measure this shift, we compare the category thresholds obtained under 
the three conditions: training, large-anchor series, and small-anchor series. 
If several anchors are used at each end of the scale, tlie magnitudes of 
the shifts caused by them should also be compared. 

There is an alternative way for treating the data. Taking the stimulus 
weights in turn, we determine for each of them the mean category value 
assigned to it in a series. Each of these means would be based on twenty 
cases (or whatever the frequency with which each stimulus was present 
in a series). Anchoring can then be gauged by the upward or down- 
ward change in the mean category assigned to each of the stimuli. The 
reliability of such shifts can be determined by conventional tests of statis- 
tical significance. 

The above description illustrates the procedure of an anchoring ex- 
periment, using weights as stimulus materials. No basic changes in the 
procedure would result from the use of other stimulus materials. 

Experiment X\^I 

Judgment Time as a Measure of Difficulty of Decision 

Purpose. This experiment is concerned with the demonstration of 
the general principle that judgment time increases as the threshold of a 
response category is approached. 

Rfateidals. Again we may choose from a large variety of stimulus ma- 
terials. Any series of stimuli is adequate which leads to decisions of 
varying degrees of difficulty. For illustrative purposes, we choose as stim- 
ulus materials two sets of geometrical figiues:® a learning series and a test 
series. 

The learning series consists of five angles, the sizes of which are 60, 
/O, SO, 90 and 100 degrees. The test series consists of fifteen angles, 
covering the range from 10 to 150 degrees in successive 10-degree steps. 
Tlius, the test series comprises the original figures plus ten new angles, 
five of which are smaller and five larger than those used in the learning 
series. Each of the angles is drawn in heavy black ink on white cardboard. 

Experimental Procedure. The learning series is presented to the 
subjects uith the following instructions: 

® This experiment is modeled after D. Cartwright, Relation of decision time 
to the categories of response, Amer. J. Psychol., 1941, 54:174-196. 
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“I shall present to you a scries of angles of varj-fng size. I w-ant jtm 
to look at them carefully since )-ou will be required later to pick out 
tlic ones you have seen from a large number of angles.* 

Tlie cards are then presented to the subject five times in random order. 
Each card is exposed for a constant period of tune, say, H second. 

After a short rest, the test scries Is presented with these instructions. 

“1 shaJJ again present to you a series of angles. Some of these were 
included in the previous scries, others arc new and they have not been 
shown to you before. Every time a card is shosvn, I want you to indi- 
cate whether or not juu recognize it as hav'Ing been lho^^^l in the first 
scries.* 

The test series is then presented ten times, each lime in a nesv random 
order. The subject’s judgments arc recorded as well as the time elapsing 
between the presentation of the stimulus and the subject’s judgment. 

Exposure and Timing Devices. If no other fadliUes are available, 
the cards may be presented by hand and the judgments timed by means 



Fig. 63. ^\'ir^ng Diagram of Apparatus Used ui Experiment XVI. Tlie 
experimenter (E) momentarily closes his double pole, single throvv 
switch, and thereby activates the clock (C) through a double pole, single 
throw llS-volt relay (R). (This relay is normally open.) At the same 
time he releases the fachistoscopc slide held in place by the magnet at T. 
The subject presses one of two keys (Y to indjcate ’Ti’es* and N to Indicate 
“No"), and thereby stops the clock. By pressing his key, the subject also 
causcs'a bulb to li^t up (Lj or L,), enabling the experimenter to record 
the nature of the response. 

of a stop watch. However, the accuracy of the experiment is greatly 
enhanced if standardized expojure and timing devices are used. 

The stimulus cards may be conveniently exposed by means of a 
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especially in the upper parts of the scale, i.e., of those categories nearer 
to the anchor. Conversely, the introduction of a light anchor should result 
in a general lowering of tlie category thresholds, especially in tlie lower 
part of the scale, i.e., again in that part of the scale which- is closest to the 
anchor. The extent of the shift is a quantitative index of anchoring. To 
measure this shift, we compare the category thresholds obtained under 
the three conditions: training, large-anchor series, and small-anchor series. 
If several anchors are used at each end of the scale, the magnitudes of 
the shifts caused by them should also be compared. 

There is an alternative way for treating the data. Taking the stimulus 
weights in turn, we determine for each of them the mean category value 
assigned to it in a series. Each of these means would be based on twenty 
cases (or whatever the frequency with which each stimulus was present 
in a series). Anchoring can then be gauged by the upward or down- 
ward change in the mean category assigned to each of the stimuli. The 
reliability of such shifts can be determined by conventional tests of statis- 
tical significance. 

The above description illustrates the procedure of an anchoring ex- 
periment, using weights as stimulus materials. No basic changes in the 
procedure would result from the use of other stimulus materials. 

ExPERI^^ENT XVI 

Judgment Time as a Measure of Difficulty of Decision 

Purpose. This experiment is concerned with the demonstration of 
the general principle that judgment time increases as the threshold of a 
response category is approached. 

Materials. Again we may choose from a large variety of stimulus ma- 
terials. Any series of stimuli is adequate which leads to decisions of 
varying degrees of difficulty. For illustrative purposes, we choose as stim- 
ulus materials two sets of geometrical figures:® a learning series and a test 
series. 

The learning series consists of five angles, the sizes of which are 60, 
70, 80, 90 and 100 degrees. The test series consists of fifteen angles, 
covering the range from 10 to 150 degrees in successive 10-degree steps. 
Thus, the test series comprises the original figures plus ten new angles, 
five of which are smaller and five larger than those used in the learning 
series. Each of the angles is drawn in heavy black ink on white cardboard. 

Experimental Procedure. The learning series is presented to the 
subjects with the following instructions: 

s This experiment is modeled after D. Cartwright, RelaHon of decision time 
to the categories of response, Amer. J. Psychol, 1941, 54:174-196. 
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“I shall present to you a scries of angles of var^'ing size. I want )-ou 
to look at them carefully since you will be required later to pick out 
tiie ones you have seen from a large number of angles." 

The cards are then presented to the subject five times in random order. 
Each card is exposed for a constant period of time, say, )J second. 

After a short rest, the test series is presented with these instructions. 

"I shall again present to >ou a series of angles. Some of these were 
included in Uie preWous series, others are new and they haN-e not been 
shown to you before. Every time a card is shown, 1 want you to Indi- 
cate whether or not j’Ou recognize it as having been shown in the first 
scries." 

The test scries is then presented ten limes, each time in a n«v random 
order. The subject’s judgments are recorded as well as the lime elapsing 
behwen the presentation of the stimulus and the subject s judgment. 

Exposure and Timing Devices. If no other facilities are arailahle, 
the cards may be presented by hand and the judgments timed by means 



Fic. 63. Wiring Diagram of Apparatus Used in Experiment .\\T. The 
experimenter (£) momentarily closes his double pole, single lluow 
swatch, and Uiereby acdvalcs the dock (C) through a double pole, single 
ihrmv 115-volt relay (fi). (This relay is normally open.) At the same 
time he releaises the tachistoseope slide held in place by the magnet at T. 
The subject presses one of two keys (Y to indicate “Yes" and N to Indicate 
"No"), and thereby slops the clock. By pressing his key, the subject also 
causes’a bulb to h^t up (L, or L,), enabling the e»penmcn\« to secotd 
the nature of the response. 

of a stop w-atch. However, the accuracy of the experiment is greatly 
enhanced if standardixed exposure and liming devices are used. 

The stimulus cards may be conwniently exposed by means oS a 
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lachistoscope.^ For the test series, the following arrangeinent will insure 
precise timing of the judgments: the tnchistoscope is incorporated in «ii 
electric circuit \s’ired ip such a \s*a 3 ' tliat Ae exposure of the stimulus 
card (opening of the shutter of tlie tachistoscope) closes a circuit and 
activates a chronoscope. Also in the circuit are two kevs which the sub- 
ject uses for indicating his judgments. One of the kej’S means Yes, the 
otlier, ‘'No.” Depression of a ke\’ breaks the circuit and stops the clock. 
The time elapsing can then be read directly from tlie dock. Each of the 
response ke%’s is also connected with a small bulb which h’ghts up when- 
ever the key is depressed. Thus, the experimenter can record both the 
nature and time of the judgment. A sdiematic wiring diagram showing 
such a dreuit appears in Fig. 65. 

Treatment of Results. For each ot the test stimuh', xve compute the 
percentage of trials on witich it was recognized (more exactly on which 
it was judged as hadng been exposed in die learning series) and the 
average judgment time. Thus, we obtain a distribution arranged as shown 
in the accompanjing table. 

Test Stimiilus ( .Angle ) ? Recognition Av. Judgment Time 

_ 

20 “ 

SO' 


We tlien plot the two distributions on the same graph: (1) percent 
recognitions as a function of stimulus size, and (2) average judgment 
rime as a function of stimulus size. The critical results to watch for are 
the dianges in these dependent variables as the learning stimuli are ap- 
proached on tile left and on tlie right, .At what point is the judgment time 
maximal? Is tlie distribution of judgment times unimodal or bimodal, 
i.e., has it one or two peaks? How are the changes in judgment time re- 
lated to the changes in frequenc}- of recognition? 

In terms of these and similar questions, the experimenter can apph' the 
general principles of judgment discussed above. 

t, ■ ^ tachistoscope is an instrument used to expose visual stimuli for verj* 
brief time intervals. In its simplest form, it consists of a screen with a window, 
mounted in sm upright frame. The stimulus is held in the fame behind the 
screen and is hidden from riew while the screen is staHonaiy'. AATiea the screen 
is dropped, the stimulus is momentaiili’ e.xposed throusih the window in the 
screen as the latter moves past the stimulus card. 
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REACTION TIME AND ASSOCIATION 

I, nEACnON TINIE 

ONE of the classical experiments of the psj'chologlcal laboralor)* 
concerns ihe speed with which a response is given to a stimulus, or as 
it is technically known, rcaciion tune. It was Once bclitned that (he 
study of reaction time wouief resuft in a kind of ’mental ctfronome* 
try,” tliat with (he aid of this technique it would be possible to meas* 
ure the duration of such mental processes as choice end discrimina* 
tion. Some, indeed, hoped to time the functioning of the will. These 
hopes base remained pious wishes of ps)chological history, for it 
has proved impossible to isolate from e.nch other, and to time, the 
processes of discriminating, choosing, and willmg in a complex act. 
The mental chronometiy which the early experimentalists had en- 
visaged never came to pass Kcxetthcless, the reaction-time experi- 
ment has had a long and distinguished history iind is still a standard 
procedure in the psychological laboratory. Although it has failed to 
give us a mental chronometiy, the rcaction-tnnc experiment has 
proved useful in many other xx-ays. Reaction time lias remained a 
sensitive measure of the readiness of an organism to respond to 
changes in the environment. TJie degree of such readiness or pre- 
paredness vanes laxvfully with both the nature of the stimulus situa- 
tion and the stale of the organism, its sets and attitudes. To knoxv 
xvhat determines readiness to respond often is of crificai imporfancc 
in the prediction and control of behavior. Tlie measurement of in- 
dividual differences in reaction time, moreover, is often useful in the 
selection of men for jobs requiring accurate lirning and soreness oi 
response. 
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Reaction Time, Judgment Time, and Latency 

The study of temporal characteristics of response is of major 
concern in many are^s of psychological experimentation, A variety 
of measures of response speed have been developed. We shall begin, 
therefore, with a brief survey of such measures and of terminology. 

Simple Reaction Time. Reaction time is the period between 
the onset of the stimulus and the beginning of the response. In the 
simple reaction-time experiment, there is usually a single stimulus 
such as a light, a sound, or a touch to the skin, and the subject is 
instructed to react as soon as he can to the stimulus, usually by 
withdrawing his finger from a telegraph key. In this situation, a 
premium is put on the sheer speed of response, and the subject is 
often so highly motivated to react rapidly that he may at times 
"jump the gun” and give his response prematurely, i,e,, before the 
stimulus has been delivered. 

Disjunctive Reaction Time. In the disjunctive reaction-time 
experiment, the subject’s task is more complicated. Instead of one 
stimulus, two or more different stimuli are presented in a random 
order, e.g., lights of different colors, sounds of different quality, al- 
ternations of sound and light, and so on. The subject is instructed to 
react to one but not to the other stimuli. For example, he may be 
told to respond to the onset of a green light, but not to that of a red 
one. Thus, a discrimination is required in order to make the correct 
response. The task may be rendered even more complex by using 
not only alternative stimuli but also alternative responses. The sub- 
ject may be instructed to respond to one type of stimulus (say, 
green light) with his left hand and to another type of stimulus (say, 
red light) with his right hand. Under such conditions, two discrim- 
inations are involved; identification of the stimulus and identifica- 
tion of the appropriate response or, as the early experimenters liked 
to put it, a discrimination (between stimuli) and a choice (between 
responses). Such discriminations and choices can, to be sure, become 
highly automatized and after sufficient training are not usually 
verbalized by tlie subject. 

Judpnent Time. The task of the subject may, of course, not 
be limited to the recognition of the presence of a specific stimulus 
(the appearance of a light, sound, etc.). He may be called on to 
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make a judgment about the stimulus, about its intensity, its quahtj-, 
its pleasantness or unpleasantness, its familiarit)-, to name but a 
few ^es of judgment which may be required. In such situations, 
the lime of response may again he iietermined-the period between 
the presentation of Uic stimulus and the moment at which the sub- 
ject makes his judgment. Here the responses s-arj* from trial to trial; 
the subject must decide on a response each bme a stimulus is pre- 
sented. The speed of such responses is usually designated as decision 
time or fudgment time. Judgment time is. of course, an example of 
reaction tiqie, but llie reaction is at a different lo-el of complexity 
than simple recognition of a stimulus. Judgment times, therefore, 
cover a much wider range than reaction times to sensory stimuli. 
Difficult judgments may require many minutes, whereas cs'cn the 
slowest sensory reactions rarely exceed a second. Judgment time is a 
sensitive measure of the difficulty or complexity of the judgment 
which the subject is required to make. For a fuller discussion of 
this measure, see Chapter 11. 

X,atency. Speed of response is often used to gauge the effective- 
ness of stimuli to which an organism ts exposed. In such cases, the 
speed with which a response appears is usually designated by the 
term latency. In the field of learning, latency is sometimes taken as 
an indication of the strength of a learned response. The more thor- 
oughly an associab'on bchi’een hvo Items is established, for example, 
the more rapidly one item may be pven upon presentation of the 
other. In motor and verbal learning, a strong assoaaUon may be 
distinguished by speed of response. For an illustraUon of latency as 
a measure of strength of learning, turn to Fig, 66. 

Speed of response may also be an index of sensitivity. The speed 
with which neural tissue reacts to changes in the environment \-aries 
with the sensitivity of the tissue to the particular t)pe of stimuhtioa 
involved. The response of the optic ner\’e to \-ariou5 kinds of light 
stimulation is a case in point. Fig. 67 sho^vs a result obtained in a 
classical investigation of visual processes in which latency of re- 
sponse was used as an index of sensitivity. The subject here was 
Mya, a photosensitive crab, whose sensitivity to iotensiy could not 
very well be tested by a conventional p^-chophysical method. As 
Fig. 67 shows, the latency of Myii’s typical response to bght (with- 
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drawal of its antennae) varies inversely Nvith the intensity of the 
stimulus. 

These differences in tertninology do not represent systematic dif- 



Fig. 66. Latency as a Measure of Response 
Strength in Learning. This curve shows how the 
latency of responses in a paired associate experiment 
decreases as a function of the number of reinforce- 
ments (conect responses). (From C. L. Hull, Prin- 
ciples of behavior, 1943, p. 105, by permission of 
Appleton-Century-Crofts, Inc.) 

ferences among tlie various measures of response speed; they have 
arisen in the interest of convenient reference to different contexts 
of measurement. Basically, all these methods are continuous; they 
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are sensitive indices of the organism's readiness to respond to any 
ensironmental djange. 

We Tjcnv turn to the reaetten-time experiment and first consider 
the standard apparatus used In this svork 



L ^onthm e/ Intensity 


Tic. 67. Latency as an Index of Sensitivity. The 
greater tlie intensity of U»c light, the faster does the 
organism (the photosensitive crab Mya) respond to 
stimulation. (From S. Ilecht, Vision II. The nature 
of the photoreceptor process. In C. Murchison {ed.}, 
A ^ridbook of general erpertmentd psychology, 
1934. p. 716, by pertnissioo of Clark l/niversity 
Press.) 


STANDAitD Appahatus IN Reaction-Time Expeiuments 


The reaction-time ejpenmeot requires stamlanlized conrliti^ 
for the delivery of the stimulus, for the subject’s respotuc, »nd for 
the measurement of the time inlcn-al behveen the onret of the stim- 
ulus and the beginning of the response. A tjpiml nrraugraeut 
sists of a sUmuIus source (such as a light bulb or buzarr). a pair of 

telemph keys and a chronoscope. 

The chronoscope is a precision instrument for the 
of short time intervals, A constant-speed motor moves a pointer 
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around a dial. (Usually tte motor is an electric one, though highly 
accurate clock\vork motors were used in the early work.) The dial 
is calibrated in hundredths of a second, or even finer divisions. The 
pointer of the chronoscope is attached to a magnetic clutch, so that 
it is moved around the dial at a constant speed when the clutch en- 
gages with the motor. Mlien the clutch is disengaged, the movement 
of ihe pointer is stopped. 



Fig. 68. A Schematic Diagram of Typical Reaction-Time Apparatus. 
(From N. L. Munn, A laboratory manual in general experimented psy- 
chology, 1948, p. 1, by permission of Houghton Mifflin Company.) 


The two telegraph keys are used to engage and disengage the 
motor and, thus, to start and stop the movement of the pointer. One 
of the keys is operated by the experimenter, \^^len he presses his 
key, he causes the stimulus to be delivered to the subject (e.g., a 
light to flash or a buzzer to soimd) and, at the same time, activates 
the magnet which engages the motor and thereby starts the move- 
ment of the pointer around the dial. The subject operates the sec- 
ond key. Shortly before the onset of the stimulus, he is given a 
ready signal and places his finger on the key. As soon as he can 
react to the stimulus, he wthdraws his finger from the key, break- 
ing the electric circuit and thereby disengaging the motor so that 
the movement of the pointer around the dial is stopped almost in- 
stantaneously. 



REACTION TIME AND ASSOCIATION 2^5 

When stimuli or responses arc wrbal (such as In the association 
jxperiment described below), v^ice keys instead of telegraph kc>*s 
ire used. Tlje electric circuit is made and broken by \nbrattons of a 
liapbragm set in motion by the s-olcc of the experimenter or subject 
rhus, the experimenter by speaking into his voice kc)' completes 
he circuit, activates the magnet and starts the pointer of the 
rhronoscope. WTien a subject speaks into hfs ley, the v/bratfans of 
he diaphragm break the circuit and stop the rhronoscope. 

A schematic diagram of a reaction-time setup fs shown in Fig. 63. 
Is the figure indicates, a variety of sensory stimuli may be used in 
teacUon-time experiment. Indeed, reaction limes have been o\>. 
ained for stimuli in ali the sense modalities, and the modality jlim- 
listed is one of the factors with which reaction time varies over a 
onsidcrablc range. 

The DETErtMiNASTS OFlteAcnos Time 
\Vc now turn to a discussion of the deteiminants of reaction time, 
le variables of which its magnitude and variation are a function, 
or purposes of analysis, we shall distinguish three sets ol variables! 
I) the characteristics of the stimulus, (2) set and attitude of the 
laetor, and (0) individual differences among subjects. 

caciion Time os o Funetton of Stimuhts CharacicTistics 
Differences Among Sense Modalities, in the conventional 
action-time experiment, the subject is instructed to respond to the 
imulus by withdrawing his finger from the key as soon as possible, 
be sense modality stimulated is clearly an important parameter 
every reaction-time expenmcnl As the accompanying tabic o! 
pical reaction times indicates, the speed of response differs con- 
lerably for the various sense modalities. 

Sense Typical Range of Reaction Time 


Touch 

liu 

nw.— 150 ms. 

Audition 

ISO 

- 160 

Vision 

ISO 

- 200 

Temperature 

150 

- 200 

Smell 

200 

500 

Taste 

200 

-1100 
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The wde range of reaction times reflects differences in the speed 
with which the stimulation of various sensoT\' s)-stems leads to a 
rnotor response. The locus of such differences may be at any one of 
several levels or at a' combination of levels. "First of aff, some recep- 
tors are more accessible to peripheral -stimulation than others. The 
cold and w'ann receptors, for e.vample, are located deeper down in 
the sldn than the touch receptors. More time must necessarily elapse 
betsveen the application of a tbennal stimxilus and the beginning of 
the sensorj*^ response than in the case of a touch stimulus. The 
substantial difference betsveen reaction time for touch, on the one 
hand, and for cold and warmth, on the other, must at least in part 
be due to this difference in the accessibilit)’ of the peripheral re- 
ceptors. There may be differences in the speed with which the spe- 
cialized receptors themselves respond to stimulation. Finally, some 
sensor)' s}’stems may linlc up ^vith motor response srv'stems more 
readily than others. We must moreover, not neglect the possible 
influence of affective or emotional reactions to the various stimuli 
w'hich may slow doum or speed up a response. In short iiie effect 
of the sense modalit)' stimulated on reaction time may be either 
peripheral or central in nature, possibly both. 

Stimulus Differences "IVithin a Modality. WHhin a given sense 
modality, reaction time varies, often considerably, with the specific 
characteristics of die stimulus. The experimental results support the 
generalization that those characteristics of the stimulus which seive 
to increase the magnitude of response in the sense organ lead to 
quicker reaction times. Intensity of the stimulus is the first case in 
point. .An intense stimulus produces a response of greater magnitude 
in the sense organ than a weak stimulus: it reaches the thresholds 
of a larger number of receptors, causes a larger number of nerve 
fibers to fire. .An intense stimulus also leads to quicker reaction 
time than a weak one. The relationship between intensiri' of stimulus 
and reaction time is not linear, however. .As the intensity' of the 
stimulus (say, a light or a sound) is increased above threshold, there 
is, at first, a rapid decrease in reaction time. Additional increases in 
intensity shorten the reaction time further, though less xapidlv, until 
finaUy a point of diminishing returns is reached. Thus, reaction to 
a stimulus of medium intensity will be as fast as to one of great in- 
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tensj't)’. Indeed, if tbc intensity becomes painful, we might expect 
the reaction time to be slowed up. 

In the case of visual stimuli, cffcctlcc stimulation depends not 
only on the intensity of the stimulus, but, within certain limits, also 
on its duration and the size and location of the area stimulated. In- 
creases in duration of visual stimuli and in area of \isual stimula- 
tion also shorten reaction time, again within certain limits. Tlie 
effect of these factors is not very striking— a tenfold increase in dura- 
tion may decrease reaction time by only 5 to 10 milliscconds-bul 
the effect seems to bo fairly reliable. Nor should we expect tlie in- 
fluence of duration or area of stimulus to be ver)* great. Visual ex- 
perimentation has showm that area and duration can increase tbe 
effective intensity only over a strictly limited range of salues (of 
intensity and time, and of intensity and duration). Finally, reaction 
lime is shorter with foveal than with peripheral stimulation. The 
fovea is the rod-free area of the retina which is maximally functional 
in daylight, contour, and color \1$ion. It is the area of maximal acuity 
for (he conditions under which the visual reaction time is usually 
carried out (with a light-adapted retina). 

The correlation between speed of reaction and effectiveness of 
stimulation appears also when the subject responds not to the onset 
(or cessation) of a stimulus but rather to a change or difference m 
the level of stimulation. Consider first (lie simple reaction time to 
change. The subject may look, for example, at a visual stimulus of 
a given brightness and is instnicted to respond as soon as he per- 
ceives a change in brightness. The greater the change introduced 
by the experimenter, the faster will be the reaction lime, even if all 
the changes are well above threshold. Thus, reaction time may sup- 
plement other psychophysical methods which are aimed at the 
measurement of a threshold and which allow the subject only a "yes’ 
or "no" response without regard to the subjective size of the per- 
ceived difference. 

The relation of reaction time to magnitude of change is graphicall 
shown in Fig. C9. This Ggutc also slwws that the speed of response 
varies with the general level of intensity at which the subject is 
working. If the subject reacts to the same relative changes (i.e, 
equal percentages of increment and decrement ) at different levels 
of intensity, the speed of his reactions increases wth intensity. This 
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relationsMp, however, holds only up to a medium level of mtensify 
such as sho^vn in Fig. 69. If the general intensity level is raised 
further, reaction time becomes slower. Reaction time to change. 



Fig. 69. The Relation of Reaction Time to 
Magnitude of Stimulus Change. In this graph re- 
action time is plotted against the relative magnitude 
of the stimulus change (AI/I) at four different 
levels of intensity (log I). The greater the relative 
change, the faster is the reaction time. Within the 
limits shown in this figure, reaction time decreases 
with increases in the general level of intensity. (From 
A. R Steinman, Reaction time to change. Arch. 
Psychol., 1944, No. 292, p 15, by permission of the 
journal and the American Psychological Assodation.) 


then, is faster at a medium level of intensity than at a low level, hut 
is slower at a high level than at a medium level. 

Disjunctice reactions based on a discrimination by the subject 
jdeld similar results. Suppose the subject is instructed to react to the 





nCACTION TIME AND ASSOCIATION 2^9 

longer of two )inc5 presented to him, using his right or left hand 
according to the side on which the longer of the hvo lines appean. 
Tliis is a reaction based on a discrimioation. Tlie larger the differ- 
ence between the two lines, tlie quicker will be the disjimctise 
reaction. Again, reaction lime differentiates between differences 
which are all well abo\e the subjects threshold. Such results have 
been obtained with a variety of stimulus differences; lines of dif- 
ferent lengths, sounds of different intensities, and colors of different 
hues. The way in which disjunc(i\-c reaction time wries with the 
magnitude of differences is closely reminiscent of a general principle 
of judgment discussed in Chapter 11 . There, loo, the speed of judg- 
ment or decision was found to be im'erscly related to the difficulty 
of the choice confronting the judge. 

The dependence of reaction time on magnitude of sensory re- 
sponse is also supported by interscnsoiy effects. The speed of reac- 
tion to light (or sound) accompanied by electric shock is faster 
than reaction time to the light, sound, or shock by itself. The addi- 
tion of an electric shock, provided it is not excessively strong, may 
“key up" the organism and scr\'e to facilitate the effecth-e intensilj’ 
of the other stimulus. Tlie facilitative effect of shock in certain learn- 
ing situations supports (his interpretation. In summar)’, any condi- 
tion which serves to facilitate or intensify the impact of the sensorj’ 
stimulus svill tend to shorten the reaction lime. This generalization 
is well in accord with our \icw of reaction time as an index of the 
organism's readiness to respond to stunulalion. 

Itcaciion Time os a Function of Set and Attitude 

Whatever the nature of the stimulus, the organism's state of pre- 
paredness or "set" will greatly influence the speed of response. Wc 
know well, from daily experience, that our efBdency in coping with 
a situation is greatest when we arc fully prepared for it. The skillful 
hunter, lying m wait for a deer, pulb the trigger at exactly the right 
moment, tlie experienced driver waiting for a traffic signal will 
start his car quickly and smootMy as soon as red changes to green. 
The examples showng the importance of preparatory set for quick 
and efficient action could be multiplied indefinitely. The reaction- 
time experiment provides an excellent opportunit)- for studying the 
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ways in which even small fluctuations in the -organism s state of 
readiness affect the speed and efficiency of teaction. 

The Foreperiod. *In the reactionrtime experiment, a state of 
maximum readiness is produced in the subject by a ready signal 
which precedes tlife appearance of the stimulus by a short time. The 



Monogr., 1914, 17, No. 76, p. 26, by permission of the journal and the 
American Psychological Association.) 

time interval between the “ready” signal and the appearance of the 
stimulus is known as the foreperiod. 

The experimental situation raises the subject’s general level of 
readiness. His set is one of preparedness. The “ready” signal max- 
imizes preparedness and lowers the threshold of action. How long 
after the ready signal is the person optimally “keyed” for a re- 
sponse? How does reaction time vary, other things being equal, xvith 




REACTION TIME AND ASSOCIATION 


the length of the forrperiod? TTierc is general agreement that a fore 
period of approtimateIy2 seconds is most fas'orable to short reaction 
time. Foreperiods appredahly shorter or longer than 2 seconds re- 



FOREPERIOD (sec.) 

Fic. 71. The Differential Effect of Regular and Irregular Orden of 
Presentation upon Reaction Time. The upper graph was obtained when 
foreperiods were irregularly vaned. The lower grapli «as obtained with 
an orderly series of foreperiods. (After II. Woodrow, Measurement of 
attention, Psychol. Monogr., 1914. 17, No 76, p 43, by permission of 
the journal and the Amencan Psydiological Association.) 

suit in longer reaction times. Fig. 70 represents the results of a 
thorough experimental investigation of the effects upon reaction 
time to sound of the length of the foreperiod. Clearly, maximum 
readiness to respond is, on the average, at 2 seconds after the “ready" 
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signal. For indindual cases, the range of optiinal interv-als is be- 
tween 2 to 4 seconds. 

The results shown in Fig. <0 were obtained when the length of 
the foreperiod remained constant within any block of tnals and 
changes were introduced with full knowledge of the subject. Thus, 
a 1-second foreperiod would be used for twen^--£ve successive trials, 
after which the subject was informed that a 2-second period would 
now be used for the nest twent\'-hve tnals and so on, until the 
longest inteival was reached. In this m.anner, the subject could 
achieve a rhj-thin of e.vpectanc\’ and adjust himself optimally to 
each successive inten-al. The results are e.vtremely different indeed, 
when foreperiods of different lengths are mired together and pre- 
sented in random order. When such an irregular sequence is used, 
reaction time varies ven’ little as a function of foreperiod. The dif- 
ference between a regular and irregular order of presentation is 
graphicallv illustrated in Fig. 71. For all the periods used, reaction 
time is longer Avith the irregular order of presentation. The optimal 
iutercal (and the cur\-e does not have a verj' striking minimum) is 
displaced to the middle of the range of intervals— 12 seconds— while 
the 2-second period now rields the longest reaction times. It seems 
as if the subjects adjust themselves to an average length of fore- 
period and that deriations in either direction lengthen their readi- 
ness to respond. 

The importance, of the foreperiod emphasises the dependence of 
the speed of response on the degree of the subject s readiness. Re- 
action time does not measure the speed ^rith winch a hA-pothelical 
“sensorimotor arc" automatically completes itself. It tak^ time for 
readiness to build up to a marimum; that is the most plausible in- 
teipretation of the 2-second minimum in Fig. 70. It is also necessan* 
to sustain readiness over a period of waiting, or not to build np to 
a point of ma.rimum readiness too quickly. If tbe foreperiod is too 
long. If the foreperiod remains the same through a series of trials, 
the rate at which readiness to respond is built up becomes adjusted 
to the duration of the period. MTien the foreperiod changes from 
trial to trial, no such adjustment can take place, and the best the 
subject can do is to adapt to an average length which is repre- 
sentati^ e of the series and which is either too short or too long for 
most indiridual trials. 
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Spc^ of reaction Is, then, to an important catcnt rlctomlned by 
the subject's rhylhm of expectancy. Espectancies are built up and 
abandoned as a result of oipericnce. Tlie follosving eiperiment 
gives a convincing demonstration of the way in wbich reaction time 
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INTERVAL IN SEC. 

Fjc 72. The Effect of the Subject's Rhyihm of 
Expectancy on neaclion Time The subjects had 
been trained to expect the onset of a stimulus at 
12>second intcr>'a!s. WTien stimuli were interspersed 
at inters ats other than 12 seconds, the reaction 
times increased as shown in the graph. (After 
O. H. Mower, Preparatory set (cxpectancy)-some 
methods of measurement, Psychol Monogr , 19-10, 

52, No. 233, p. 9, by permission of the Journal and 
the American Ps>xboIogicaI Association ) 

reflects the respondent’s expectancy or “preparalor)' set" for Uic 
stimulus. Subjects had been instructed to respond as quickly as 
possible to the onset of s tone delivered to them through a pair of 
earphones. In the first part of the experiment, these tones were 
presented at a fixed interval of 12 seconds between succcssise 
stimuli. The subjects built up a rhythm of expectanc)- and learned 
to respond with increasing speed. In the second part of the expen- 
ment the 12-second interval was maintained but 'lest" tnals were 
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interspersed at irregular intervals ranging from 3 to 24 seconds. As 
Fig. 72 shows, any interval different from the “expected” one led 
to an increase in reaction time. It is especially interesting to note 
that under these spe'cial conditions, the very short intervals led to 
unusually long reaction times: the subject’s expectancy builds up 
gradually, reaches a peak at the 12-second interval. Similar curv'es, 
showing a maximum speed of reaction at the point of expectancy 
established through experience, could, of course, be obtained rvith 
other regular intervals. It should be further noted that not only 
an unexpected change in interval but also an unexpected change 
in the nature of the stimulus (e.g., a tone instead of a light expected 
by the subject) will lengthen reaction time. 

Successful adjustment to a changing temporal pattern depends on 
the fiexibilHtj of the subject’s expectancies, his ability to shift from 
one preparatory set to another. For this reason, some experi- 
menters in the field of behavior disorders have been interested in 
studying the reaction times of mental patients. They found that the 
critical difference between normal and abnormal subjects lay not 
so much in the absolute values of reaction time, but in the impaired 
capacity of patients to adjust to long foreperiods, their inability to 
sustain their readiness to respond over a waiting period. Thi.s finding 
is of considerable theoretical interest, for it suggests that the 
^ reaction-time situation may be, within narrow limits, a paradigm 
for the study of broader adjustive capacities. 

Sensory and Motor Attitudes. Clearly, the degree of a sub- 
jects readiness is an important determinant of his reaction time. 
Naturally enough, the question has been asked, readiness for what? 
Is it readiness for the appearance of the stimulus or readiness for 
the motor response? For a long time, experimenters have attempted 
to differentiate hvo attitudes of readiness or expectation in the 
reaction-time situation: the sensorial and the muscular. A subject 
with a sensorial attitude directs his attention as completely as pos- 
sible toward the appearance of the sensory stimulus— the light, 
sound, touch, etc. A subject with a muscular attitude, on the other 
hand, concentrates on the motor response which he is to make as 
soon as the stimulus appears, e.g., the withdrawal of his fingers 
from a telegraph key. Usually such an attitude involves the ex- 
perience of some muscular tension. 
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Attiludes can, of course, be only relatively sensorial or muscular. 
Even with concentrated attention on the stimulus, tlicrc remains a 
certain minimum necessary readiness for the iTiotor response. In- 
deed, subjects have usually found it \cr>' diflicult to maintain a 
sensory attitude, and the practiced perfonner iniTiriably tends 
tosvard a motor tj-pc of attitude. Similarly, even an extreme conam- 
tration on the muscular response still leaves the subject in a state of 
preparedness for the stimulus. Sensory and motor readiness arc 
necessanly associated. It is not surprising, then, that in the long 
run the distinction bchveen sensonal and muscular altitudes has 
failed to yield substantial and reliable diflerences in reaction time. 
On the whole, the trend has been in the direction of shorter reaction 
time with a muscular than with a sensorial attitude. Tlicrc base 
been, hou'ever, enough exceptions and conflicting mferpretations 
to throw serious doubt on the validity of the distinction. 

Range of Preparedness. Lei us return to the distmrtion be- 
tween simple and disj'uncllve reaction time introduced earlier. In 
the simple reaction-time situation, there is a single kind of stimulus 
and a single kind of reaction, e.g., a light and finger withdrawal In 
the dlsj'unctive situation, one of several stimuli may appear and/or 
one of several reactions may be required. Thus, the stimulus may 
bo a light or a sound, the response, xvilhdrawal of the right or left 
hand. The essential difference between the two situations is. there- 
fore, one of altitude or readiness. In one case, there is readiness for 
a narrowly circumsenbed range of e\enls; the organism is, as it 
were, sharply tuned. In the other case, the set must encomp-ass a 
wider range of events; the organism is less sharply tuned. NSlwn the 
set is thus toward a range of alternative c\cnts, w’C would expect 
the response to be less efficient, less automatic. This is indeed the 
case. Disjunctis’e reaction times are longer than simple reaction 
times; the difference is frequently as large as 500 milliseconds 

The wider the range of e\ ents for which the subject must be pre- 
pared, the longer becomes his reaction time to any one of these 
events. This fact can be demonstrated cxpcrimentallv by increasing 
the number of alternatives m a disjunctive reaction-lime expenment 
There is a steady increase in the reaction time as the number of 
alternatives is made larger and brger With sisual stimuli, for ex- 
ample, simple reaction time is about ISO milliseconds With two 
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alternatives, it may well exceed 300 milliseconds and when the 
number of alternatives is as large as ten, we may obtain a reaction 
time of over 600 milliseconds. 

Indicidual Differences in Reaction Time 

The reaction-time experiment is part of the mental-test tradition. 
WTien mental testing was introduced in the United States, con- 
siderable emphasis was put on the measurement of “simple” capaci- 
ties. Speed of response was one of these capacities. Probably for 
this reason there has always been considerable interest in the 
problem o£ indiw'dual consistenc)’ and individual difierences in 
reaction time. 

Individual Consistenc)'. Even though we speak of typical re- 
action times to light, sound, and other stimuli, we must remember 
that reaction times are highly variable. Even under constant con- 
ditions of testing, one subject’s reaction times will characteristically 
cover a tvide range of values. Some reactions nil] be very short, 
some ver)' long. At)'pically long reactions are more likely to occur 
than unusually short ones, i.e.. the distribution of reaction times 
tends to be positively skesved. There is a physiological limit below 
which reaction time cannot be reduced, whereas there is no com- 
parable ceiling for long reactions. 

Reaction time can be considerably shortened by practice. Prob- 
ably such improvement is due in large measure to a more effective 
preparator)' attitude on the part of the subject and on a better 
control of the “muscular” component of the response. Obwously, 
practice can improve the speed of response only within narrowly 
circumscribed limits. Reaction time cannot be indefinitely shortened, 
and the physiological limit causes continued practice to yield 
diminishing returns. 

Subjects can, then, learn how to speed up their reactions. They 
are aided in such improvement by the introduction^f proper in- 
centives. In one study, both positive and negative incentives were 
introduced in counterbalanced order and compared wnth the stand- 
ard neutral situation. The positive incentive was provided by 
gi'V’ing the subject knowledge of his performance, inducing him to 
set speed goals for himself and to strive for their attainment. The 
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negati^•e Incentive consisted of an electric shock which u-as delivered 
automatically whcne^■e^ the reaction time exceeded a certain value. 
The introduction of an inccnti>'e appreciably shortened the reaction 
time as compared with the neutral situation. The negative incenti\T 
proved the more effective of the t\s-o, yielding an a\ crage imprm-e- 
ment of about 15 percent in time as against a shortening of the re- 
action time by 6 percent in tlie presence of the posith-e incentive. 
The study also showed that the effects of an incentive on reaction 
time, though appreciable, are short-lived. Such effects are most 
noticeable in tlie reactions following shortly after the rcvs'ard or 
punishment, but they quickly wear off and may even be followed 
by a compensatory slow-up of response. Nor are such improscmcnls 
carried over from one day to the next Incentives pmbably intensify, 
temporarily, the subject’s attitude of readiness and concentration 
on the response, and bring about a “state of much kcfcocr attention." 

Not only do reaction times of a single subject N-arj' considerably 
from moment to moment, but there is also wide variation from sub- 
ject to subject. Investigators have hoped to relate indiWdual differ- 
ences In reaction time to broader characteristics of the person. 

Is Reaction Time Related to a General Speed Factor? Is 
reaction time the manifestation of a general speed factor and do 
e.ttensive individual differences reflect the distnbution of such a 
general speed factor in the population? If this were the case, we 
would expect high intcrcorrclalions between (1) various reaction- 
time measures, and (2) betw'ccn reaction time and other measures 
of response speed. 

The evidence is not in favor of one general speed factor, nor 
docs it point to complete independence of \arious speed measures. 
There are high correlations behvecn simple reaction limes to vanous 
types of stimuli. The correlations between performances in different 
reaction-time situations, such as simple and disjunctive reactions, 
are positive but lower. Finally, there are only ver>' low correlations 


logical' speed suen as puise rate. Aj^ain, u.e 
positive but low. 
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n. ASSOCUTION EXPERnsFEXTS 

The reaction-time esperiment is part and parcel of an experi- 
mental tradition which has pnt its main emphasis on the anahisis 
of behavior into stimulns and response elements and which has used 
die concept of css^ocistion as its priman- principle of organizarion cf 
hehawor. In the leach'on-time avperiment. we are concerned 
primarih' irith the speed with which a sensoiv- srimnlns can eimlce 
an associated motor response. In the same experimental tradition, 
much interest has centered on the xarious Hnis of response that a 
given stimulus can ei'oke, and the diEerences in speed among 
inrions lands of responses. In this section, we shall be concerned 
■with experimental irn'e^tigations of associaticn, especially diose 
which call for verbal responses and use words as stimuli. 

The Concept of .Association. .A fexv words should be said 
about the concept of association which gives rise to these experi- 
ments and pervades their interpretation. .Analysis of behaxior into 
elements— however broadly or narrowly these elements may be 
defined— at once raises the que,ction of the law or laws governing 
the sequence of elements. The coherent Sow of language and 
thought, the orderliness of complex series of motor acts, in ^lOrt, 
the reli.able functioning of our vast hierarchv cf habits— aH thasc 
illustrate the lawful sequence of acts (stimulus and response ele- 
ments’) which characterizes behavior. To account for such lawful 
sequences, tlie principle of association has been invoked. Laws 
governing the formation of associations have been stated. Alost 
prominent among these has been the principle cif.mni’rrtniu^ 
ing-trLwhi cb events that occur to getner or in immediate succession 
are associated. .Atter .A and E have occu rred togethen-m— im* 
in^alely foSowing ea'Srother, die occurrCT^"oFA^ne isJIkdv 
t g'hnhgrabout-&: — ' ^ ' ' — ^ 

The concept of association has had a long and astingnished Ms- 
lory in experimental pwchologv-. The de4ition of the elements 
which are associated has been x-aried, and there has been much 
debate about the laws of association. In addib'on to contiguiri*, 
several prindples-such as frequency, similaritx', and xR-idness- 
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have been suggested at one time or another, but thej- have all re- 
mained secondary to contiguity. 

The concept of association has been so hardy because it has been 
so useful to the experimenter in hxo broa*d areas: ( 1 ) many 
phenomena in the field of learning arc conveniently described and 
analyzed as the establishment of nevv associations, (2) many re- 
actions to environmental stimuli (especially verbal rcactions)*may 
be ascribed to the functioning of already well t^tabJished associa- 
tions. The experimental proccxlurcs about to be desenbed have as 
their purpose the sampling and analysis of the rich store of verbal 
associations which man accumulates through the use of language. 

Types of Verbal Association Experiments 

In \ erbal association experiments, the subject s task Is to respond 
by a word or words, usually as quickly ns lie can after presentation 
of the stimulus. According to the type of stimulus used, vve can 
group such experiments under two general headings: cb/ccMrord 
and U'ord-it'ord association 

Objcci^Vord Association. In the objcct*vvord CTpcriment, the 
stimulus may be almost any kind of object— a piece of cotori.'d paper, 
a geometric design, an object of daily usc-and the subject Is In- 
structed to react to this object with a word, e g., to name the object. 
Or, it may be a visually presented pnnted word winch must be 
read aloud. Since the spoken vvxird carries the meaning of the 
object, such experiments arc designed to lest the speed with vvhic}^ 
the verbal meaning of an object can be reported. Verbal associations 
are slower than simple motor reactions. A subject vvill, for example, 
take about 500 milliseconds to name a color, as comparer! with a 
motor reaction time of ISO milliseconds to a simple light stimulus A 
naming response, moreover, is slower than a reading response to 
read the printed name of a color requires on the average about 350 
milliseconds. 

In summary, then, the object-word association experiment meas- 
ures the speed of verbalization. The question is’ How qtiicklv can 
the appropriate verbal response be given m the presence of an 
object or conventional symbol? TTie answer is that verbalization 
tends to be rather slow, certainly -fts compared with a simple motor 
reaction. By a simple motor reaction, the subject merely indicates 
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ning is there.” In giving a verbal association, the sub- 
ake a selective response— the word must be appropriate 
1:. Such a selective reaction takes time. 

Word'Word Association: Free and Controlled. In word-word 
association experiments, both stimulus and response are spoken 
words. The relation beUveen the stimulus word and the response 
word may or may not be prescribed. In the free-ossoewfion experi- 
ment, the subject responds with the very first word that occurs to 
him. In the case of controlled association, the type of response is 
determined by the instructions given to the subject. Thus he may 
be required to respond to a stimulus word by naming its opposite 
(gay-sad, big-small, etc.), or by naming the genus of which the 
stimulus word is a species (dog-mammal, trout-fish, etc.), and so 
on, for any variety of relationships. Such control of association may 
be more or less complete. There may be only one correct response 
to the stimulus word ( as in naming the genus of which the stimulus 
word is a species), or there may be several alternative responses (as 
in naming a species when the stimulus word is a genus). 

The contrast between free and controlled association is perhaps 
somewhat misleading. There is no implication that one is hap- 
hazard and the other lawful. Both types of association alike must 
be considered to be lawfully determined. In the case of controlled 
associations, the experimental instructions provide a determining 
fenrfence/— Redirection of the associations is regulated by the in- 
gtri mtions) XYg Jthay~5a yjdiat the associati^ is controlled externally] 

WB^"assocrationdrSee7IEg33etSnmnat!MTs30r^ ^ 

The subject’s past experience, his motives and habi ts of thought 
constitute jtlie determining tendencies which, cause him J:o respond 

with one word rather than another. 

The Speed of Word-Word Associations. The speed of both 
free and controlled associations varies over a wide range, depending 
on the particular word in conjunction with the kind of instruction. 
In general, the more fully controlled the association is hy instruc- 
tion, the shorter the reaction time tends to be, provided, of course, 
such factors as familiarity of the words are held constant. 

Since association times are distinguished by great variability from 
word to word and from subject to subject, it is difficult to state 
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tnih* rrprwentah'vT axrrage \-alucs. Fcr ccnJroJltxJ axw-.x- 
tioa, a median x-alue of a little less than 1 sewiul pu'luMx ts 

a fair estimate. For free associations, the ax-rrajte xaKie sIkxiKI be 
put higher. .AwrageS as low as 1100 miUisecrmlj aixl ax lu-;h ax 
2000 milliseconds have been reported. The most tx'tahle fict siKx-.t 
the distribution oLiree^sodation times is the mmsu.\l jUnvisns cl 
some responses: Responses which tale 5 or e\en U> sevveds ate 
infrequent but iWoat of tbe ortlioan*. (As we sKnll see. such xm 
sloxx- responses may sometimes be Indicatht of cinotional bhvVv)'' 

Classipcciion of Associations 

The analysis of xrrbal associations docs not end xv-iilj me,tmrr* 
ments of their spotd. Tlie kinds of responses xxhich are gurn are 
of interest. Inx-cstigators baxe hoped for a long tmie tluil the cU'wS* 
cation of x-erbal associations xxxmld proxtde an iinport.»nl instniment 
for the study of individual dilfcrcnces in cognitixe functionx. lAx\> 
main approaches haxe been used in the ex-alualfon of xeih.xl avvx. 
cialions: (1) frequenaj tables, and (2) ron/enf mw/yrw 

Frequency T.nbIes.^Wben xxe administer a free-astocl.ilion test 
to a large representative sample of subjects, we obtain o ditinlnitlen 
of responses to each stimulus xx-ord. We can t.ibul.tte the frx'tjuencx' 
with which the x-arious responses ore gixen, ranging from the moxl 
frequent associations gixen by n pliinilitv of thi* subjects to thx'xe 
xvhich are highly iiidixidual and p\en only by one in n llunw.uul 
subjects. By mearjs of such a frequenaj tabic, we can ov.ihi.ite aux 
given association in terms of the relative fre<|iiency xxHh xxhiih it 
occurs in the sample. 

Cto provide a standard basis for the measun'iurnt of imhxuhMl 
dmtwnces, sex’eral sets of such frequency- t.ibles Ii.ixo hifu 
out. The first, and best Inoxxm, are the Krnf-nnwnojJ tiequnux 
tables. They contain frequency distributions of roxjKuiNex given hx 
a sample of 1000 subjects to 100 common nouns ijii«)« i viamiaul 
conditions. An example of the frequency tables. listing tli«' ifvjH)iMi'« 
to the W'ord a7i//c, appears in tlie following f.ibl<' ‘ 

IG H Kent and A. J. Rosanoff, A study of OJOKUlIcni m Iin-niiv, / 

Jfuan*. 1910, 67:37-00, 317.390. 
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Frequenc}- cf Responses to the Word R'hifc 


S cotton 

1 cream 

2 curtain 


1 lady 
1 Lawn 
1 lead 
1 lemon' 
1 lie 


1 ribbon 

1 rightness 

2 rose 


1 almost 

2 apron 

1 baby 
1 beach 
Ibeautifid 
1 beauty 
Ibird 
SOS black 
1 bleached 

9 blue 
1 boat 
IBob 
Ibod)' 

1 bride 
4 bright 
1-brightn'ess 

1 Broadway 

2 brown 

2 cat 

1 cerement 
1 chair 

3 chalk 

1 cheerful 

1 cherries 

10 clean 

2 cleanliness 

1 cleanness 

2 clear 
17 cloth 

1 clothing 
4<dond 

2 clouds 
1 coat 

170 color 
1 colored 

11 colorless 


1 cnirtains 

S5 dark 
1 darkness 
1 day 

1 dayh'ght 

2 dazzling 

1 delicate 

2 dove 
S4 dress 

1 dresses 

2 easy 

1 evening 

Iface 

2 feathers 
2 flag 

2 flower 

2 garment 
1 ghost 
1 glare 

1 gcx)d 

2 gray 
6 green 

1 hall 

2 handkerchief 
1 hands 

1 hard 

2 horse 
4 house 

1 innocence 


51 light 
3 linen 

1 lovely 

2 man 

1 marble 
9 milk 
1 Mountain 
1 Mountains 

3 muslin 

1 napkin 
Inearlj' 

2 nice 

5 paint 
2 pale 
17 paper 

1 pencil 

2 person 

1 pigeon 

2 pink 

1 pleasing 
1 powder 
1 pretty 
20 pure 
19 purity 

1 race 
7 red 
1 restful 
1 retired 


1 sand 
1 Sarah 
1 shade 
6 sheet 
1 shoes 
1 shroud 
1 silvery 
1 simple 

1 skirt 

2 sky 
91 snow 

1 snowflake 
1 snovyy 
Isoft 
1 soul 
1 space 

1 spread 

2 sail 

1 summer 
1 sunlight 
1 swan 

4 tablecloth 
1 tent 
1 tile 
1 trees 

1 trousers 

2 waist 

6 wall 

1 wash 

2 wedding 

7 yellow 


The sample used by Kent and RosanofE included subjects of both 
sexes whose ages ranged from eight to over eighty years. They came 
from different geographical areas and varied widely in intelligence 
and education. Their subjects were not, however, a truly repre- 
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scnlathe sample of the popubtion, and this fact maVcj the appif. 
cation of their frequency tables somwhat uncertain- There are 
other frequency' tables based on more $>-5lanatJcaIfy controlled 
samples: the O’Connor fables obtained from a sample of 1000 adult 
men, and the ’Woodroto-LoacH tables based on the responses of 
1000 urban school children. In using these tables, it is important ta 
bear in mind the nature of the sample on which the)' ore based. If 
die sample is not representative of the population to which (he sub- 
feet belongs, the use of the tables becomes, at best, hazardous. Such 
a procedure \vould be analogous to the use of test norms with sub- 
jects to whom liie norms do not apply, such as die application of 
adult intelligence norms to the performance of cliildrtn or vice 
versa. 

An^si^f word associations by means of frcqucnc)- tables has 
shown Uiat su^ects may differ widely in the conrenbonahty of 
iheic responses. A measure of conformance can be obtafncd’by 
finding the frequency with which a subject's responses ore gi>en in 
the population. The best measure of conformance is, perhaps, the 
median of population frequencies for the responses given by him. 
. When this measure is applied, the most stnkfng difference s arc 
hutid~hetwecn normal subjects and mental patients. INliereas 
normal subjects gis’c, on the as erage, over DO percent common re- 
actions, the percentage of such responses drops to about 70 in the 
case of patients. Scliizophrenics in particular.arc gi»en to bizarre, 
unusual associations, including neologisms and incoherent re- 
sponses. By the use of frequency tables, the com’enlionah^’ of a 
subject’s responses can thus be gauged— the degree to which his 
associations form common or unique patterns. It is interesting to 
note that the more frequent a response, the more quicily it » 
given. TWs generalization is knosvn as ^(arbe’s law. Frequency and 
speed ar^wo complementary wa)'S in which the effcctwc strength 
of associations expresses itself,^ We recall again the parallel to 
measures of learning. The well-established response is not only 
elicited frequenti)' and regularly but also more quicUy. 

Content Analysis. Not satisfied with sheer frequency counts, 
investigators have long been interested in the classiBcalion of mso- 
ciations according to the content of the responses. 'They hoped to 
find significant correlations between the content of assodatire re- 
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sponses and intellectual, aesthetic, and emotional characteristics of 
the subjects. To this end, many different classifications of associa- 
tions have been attempted. The variety of associative responses is 
rich, indeed, and the categories used in their classification have been 
correspondingly numerous. They were based on the grammatical 
and logical relationships behveen the stimulus and the response 
word, on the 1)^)6 of evaluation of the stimulus word contained in 
the response, on the objectivity as against the egocentricity of the 
response, and so on. Many of these categories were not mutually 
exclusive. Little purpose would be served by a detailed suive)’ of 
these various classifications. Instead, we shall cite here a classifica- 
tion proposed by Woodworth- which, under four general headings, 
subsumes most of the more specific detailed classifications used by 
e.xperimental and clitucal workers. These categories follow: 

1. Definitions. T hese inclu de _s)TiomTns, e.g., justice-right, and supra- 
ordinates, e.g., sheep-animal. Such responses are especially fre- 
quent when the subject is not vety familiar wth the stimulus 
word and uses the responses to clarify its meaning, 
2^Cxfmplefions or j7re^cations. Such responses tell something about 
the stimulus, elaborate on it Ocean-blue, bread-eat are examples 
of such responses. CHiildren are more prone to such responses ^an 
adults, and h'teraiy indiriduals use them more frequently than 
scientifically oriented ones. Such responses seem to stem from a 
descriptive rather than an analytic approach. 

3. Coordinates. The stimulus-response relationship represents a jux- 
taposition of terms rather than a subordination or supraordina- 
tion. Stimulus-response pairs lilce hunger-appetite, reh'gion-church 
provide illustrations. These words are juxtaposed because they 
refer to the same realm of activity or feeling, are examples of the 
same class of events, and so on. The frequently used contrast 
responses, such as black-white, long-short, belong to the same 
category. Adult subjects give more coordinate associations than 
children. Again, a difference between individuals with a literaty 
and a scientific orientation has been reported, coordinate re- 
sponses being more frequent among the scientists. Coordinate 

psychology. New York: Hemy Holt and 
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reyponscs arc more analytical or conceptual as compared with 
completion responses. 

4. Veluali(^tJm<i4>crscml^ssoaailotu. Here we h 3 ^•e tlje larce 
group o f rcspons cswhfch sten^from a subject’s uliiquc past rxT>cri> 
enceJrpmJm-gluations a nd attitudes, needf nn rl rmnti^gr' 
of these responses arc well descri bed as fj^ocentric Ix^se lli^ 
repres ent a pe^n a l. rea ction of the s»jbj^ to tliTstlrmiliir^rd. 
The scheme reproduced here has the virtue ^ comprchensiCcness" 
and uses clear and well-defined, but at the same time flexible, cate- 
gories. Although the reader may encounter altemath e classifications 
xvjlh valid claims for consideration, Woodworth’s scheme mav be 
invaluable to the experimenter and clinician in a fint organization 
of the results of an assoc/ation experiment. 

Clinical and Diagnostic Use of Associations 
We have emphasized tfiroughout that tvord associations should 
not be regarded as haphazard but as lawfully determined by in- 
structions and tendencies within the indhidual In many cases, such 
determining tendencies arc attributable not so much to the con- 
ventions of logic and language but rather to the personal experi- 
ences, needs, and values of the tndmdu.'il. For this reason, the 
word-association procedure has been of salue to clinicians in diag- 
nosingsources of emotional disturbance. 

Complex Indicators. The assumption is made that stimulus 
words which tap sources of emotional disturbance (of which the 
subject himself may he completely unaware) svill produce responses 
sufficiently unusual to catcli the examiner’s attention and to conscj’ 
a suggestion of trouble. Thus, the clinicians' search has been for 
"complex indicators" in svord association. A large number of indi- 
cators have, at one time or another, been proposed and tested but 
only a few liave prosed reliable. Perhaps foremost among ih gi^s 
an unusual increase in the assodation tim<\ Although association 
times arc qvTite sunable, each subject has a normal range 

within which most of his responses fall. Response limes falling out- 
side this typical range, especially unusually long ones. fr^urotJy 
mell trouble. Sometimes it is not the "charged’ word itself siiiih 
yields the abnormally long association time but jhe one fojlcnnng it. 
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as if it took some time for the full impact of the emotional stimulus 
to manifest itself. 

Other disruptions of the normal response pattern have also served 
as complex indicators: Among these are r epetitio n of jtii nu lus 
word, misunderstanding of the stimulus, and highty incongruent or 
bizarre responses.Tt seems as if the'subject were using such means 
(in all likelihood without being aware of doing so) to defend him- 
self against .the . full emotional impact of the stimulus word. 

There is, then, a variety of complex indicators which an emo- 
tionally charged stimulus word may arouse. How are these indica- 
tors related to each other? Does the occurrence of one increase the 
probability that the others will appear? If the indicators were 
systematically associated with each other, our confidence in their 
validity would be increased. A thorough _inyestigation_of the_con:e- 
lations among the various complex indicat ors h as sho\yiythat_a few 
of tliem"do, indeed, tend to be regularly accompanied .by others, 
notably long association time, misunderstanding of ihe-stimulusrand 
repeiitfon of the stimulus. When one of these indicators is present, 
there is’ a good chance that some other emotional response will 
appear as well. This correlation among indicators is presumptive 
evidence for their validity. 

Diagnostic Applications, As a diagnostic tool, the word;, 
association e^eriment has. had two main uses: (1) as an adj unct 
to other methods of psychiatric diagnosis, and (2) as one in a 
battery of procedures aimed at the detection of guilt. 

The word-assodation procedure may help the psychiatrist local- 
ize the general area of his patient’s difficulties. Thus, C. G. Jung, 
the psychiatrist who pioneered in the study of word associations, 
devised a standard list of 100 stimulus words related to common 
sources of emotional difficulties (sickness, financial difficulties, mari- 
tal problems, etc.). He found that the diagnostic hunches provided 
by the word-association test were frequently borne out by more 
intensive psychoanalytic procedures. Additional validation of the 
complex indicators is provided by correlations with other indices 
of emotional disturbance, such as the galvanic skin response and 
fluctuations m respiration. The correlations have tended to be posi- 
bve but not always statistically significant. 

The word-association test is used in a similar manner in the de- 
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tectfon of guilt. A word list is prepaanl in which words related to 
the crime, such as the names of the objects stolen, arc scattered 
through a list of presumably “netitral" items. This test is adminis- 
tered to the suspect as well as to control sitbjccls. If the suspect 
shows unusual disturbances in response to the critical words, such 
as significant increases in reaction time, as compared with the con- 
trols, this fact is taken as presumptue cs'idcncc of his guilt. Tlie 
uncertainties of such a procedure arc obvious It is difficult to be 
sure that the neutral words with which tlie critical words are com- 
pared are indeed neutral. In addition, emotional responses to the 
critical words may not necessarily be due to guilt, Tlie subject mav 
be acquainted with the details of the crime, and aware of the sus- 
picion resting on him. Under such circumstances he may well rMct 
emotionally to the critical words! 

In spite of such limitations, the word-association technique has 
nt times helped in llic discover}- of guilty persons, though faihircs 
also have been reported. Tlic technique has receded dramatic 
(though indirect) confinnation through the use of hypnosis It is 
possible to suggest to a subject under deep h\pnosi$ that he lias 
committed a certain crime and, thus, to induce g\iiU feelings m him 
As long as the hypnotic suggestion lasts, these guilt feelings may, 
indeed, be profound. Tlie subject is given a word-association test 
before and after the hypnotic suggestion has been accepted by him. 
His responses to the critical enme stimuli differ significantly on the 
two occasions. After he has accepted the suggestion, guilt indic.ilors 
appear among his responses— lengthened association times. re{>eti- 
tions of the stimulus, etc When the suggestion is remo\i*d, the o'llt 
indicators disappear. Thus, the experimental manipiiblinn of quilt 
feelings produces predictable changes in the word assocuticms It 
must be remembered, how-ever. that deephvpnosis is a \rr> uimMi.il 
state, indeed, and it would be rash to generalize too ctnifitifiitK 
from such expenments to the general \aliditj' of the uord-assiKU- 
tion technique. 

In summar}’, then, the word-association technique is at best .m 
adj'unct to other diagnostic techniques. It ma\ help to narrow dow n 
the range of suspects, to locale the probable focus of a patient ■. 
emotional difficulties. No definite conclusion can. however be b.i^iil 
on word associations alone. It must always be considered in c«n- 
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junction vnih other techniques and careMy checked by other 
eNidenceT ~ 

Expertmext X\TI 

Simple axd Disjt;xcrm-E Reactiox Time 

Purpose. To investigate the difference between simple and disjunc- 
tive reaction times. The specific problem is: How is reaction time in- 
fluenced by the difficultj- of the discrimination which must precede the 
response? 

Apparatus. A standard reaction-time apparatus, as described on 
pp. 24S-245 and shown in Fig. 6S, is required. In this experiment, Rvo 
different \-isual stimuli-a red fight and a green fight— will he used 
and the apparatus should be so adjusted that the experimenter can 
srsitch at will from one to the other. To this end, there should be two 
pairs of lights: a red and a green pair on the left and a similar pair on 
the right. Correspondingly, during part of the experiment, the subject 
needs two response kerx: one for the right hand and one for the left. 
.Ys usual, the experimenter by pressing his key delivers the stimulus and 
starts the dock; the subject stops the dock by withdrawing his hand from 
the key. 

Procedure. There is an experimental group and a control group. 
For the experimental group, the experiment falls into two parts: (1) a 
simple reaction-time series, and (2) a disjunctive reaction-time series. A 
control group is required to take into account the effects of practice. In 
order to obtain an estimate of the effects of practice, the control group is 
given two successive simple reaction-time series. The e.vperimental design 
may be summarized as follows. 

Part I Part H 

Experimental Group Simple reaction time Disjimctive reaction time 

Control Group Simple reaction time Simple reaction time 

The rivo groups should be matched according to their performance in 
Part I. Only if the average reaction times of the two groups are approxi- 
mately the same in Part I, can the difference between the conditions in 
Part II be properly evaluated. 

The subject is seated in front of his reaction key, separated from die 
e.xperimenier and the chronoscope by a partition. The stimulus lights are 
mounted so as to appear comfortably in the subjects line of xnsion. 

For the simple reaction-time series, only one of the stimulus fights, say, 
the red one, is used, and it is always presented in the same position. 



269 


REACTION TIME AND ASSOCIATION 

Tbf Ri3cct should use his preiema txad oa half the trials, his non- 
Fr rf g TT x 3 hand on the other half cf the trials. This altemalion between 
the two hands will malce it possible to compare threctly the results of this 
series with those of the disfyiKtix-e itattion-tine scries. At the beginning 
ef the series, he is given the following iTstmctions: 

This is an experiment in rctiction hme. \\‘e arc interested in nieas- 
criag the speed wnth which \xxi can reart to the appearance of a light. 
Tbe hght wnll alwajs appear in the same place (experimenter demon* 
strates the light stimulus). WTien I say ‘ready,’ pbcc jour index finger 
CQ the telegraph key. As soon as xxmi have seen the Lght. withdraw 
Toer Engcr from the key. Be sure to respond as soon as you have seen 
tie light but try never to withdraw )t)ur finger before jou have seen 
the light." 

The subject is then given twentv* to thirty* praedee trials to acquaint 
Lis with the procedure. TJie results of these practice tnalj are not used 
ia the final computation of the experimental results. Following the prac- 
tes series, the subject is given 100 trials which constitute the simple 
taactoo>time senes Tliroughout this series, the duration ol the fore- 
pBwd-the interv-al between the •’ready" sign.nl and the delivery of the 
jfeiu!us-is held constant at 2 seconds. Following each trial, tbe ex- 
perfmenter reads the chronoscope, records the reaction time on a pte* 
arranged score sheet, resets the chronoscope, and then proceeds to the 
next trial. 

Sometimes the subject may give premature reactions, i e., withdraw ha 
finger from the response key before the stimulus has been presented 
Such reactions may occur if the subject’s readiness to respond « vrrv 
great, causing him to “jump the gun." To reduce the numlyr of pre- 
mature reactions, it Is advisable to inlctspcrse a number of "catch tmb’ 
at irregular intcrvuls throughout the senes- In a catch trial, the rrad\ 
signal is given as usual but is not followed bv a stimulus. If a suI'K'^ 
nevertheless, gives a response, his error 1$ pomtetl out to him. atni he i* 
cautioned to respond only after seeing the stimulus hcht come on 

After the simple reaction-lime senes, the svihjcvl «v gi'rn a r, j'.nvxi 
Following the rest interval, the mcml>rn of the nnun'i gmuj’ ««• <i»rn 
another hundred simple Teactum-limc inaU Tlve exiviuurwlal cvx'vjp 
cecds to the disjunctive reaction-time senes 

For the measurement of disjunctive reaction time. Kuii tlu u *ud 
red light stimuli arc used, and the subject n punuh'.l wu!i i">' i. 
ke>'S, one for his nght and one for his left h.uul llie Ivtliowinc 
lions are given. 

“In this part of the cxpeiimnit. we onituuu' U' lu.MMue the 
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junction \vifli other techniques and carefully checked by other 
evidence. ~ ~ 


Experiment XVII 

Simple and Disjunctive Reaction Time 

Purpose. To investigate the difference between simple and disjunc- 
tive reaction times. The specific problem is; How is reaction time in- 
fluenced by the difficulty of the discrimination which must precede the 
response? 

Apparatus. A standard reaction-time apparatus, as described on 
pp. 243-245 and shown in Fig. 68, is required. In this experiment, two 
different visual stimuli-a red light and a green light-will be used 
and the apparatus should be so adjusted that the experimenter can 
s^vitch at will from one to the other. To this end, there should be two 
pairs of lights: a red and a green pair on the left and a similar pair on 
the right. Correspondingly, during part of the experiment, the subject 
needs two response keys: one for the right hand and one for the left. 
As usual, the experimenter by pressing his key delivers the stimulus and 
starts the clock; the subject stops the clock by withdrawing his hand from 
the key. 

Procedure. There is an experimental group and a control group. 
For the experimental group, the experiment falls into hvo parts: (1) a 
simple reaction-time series, and (2) a disjunctive reaction-time series. A 
control group is required to take into account the effects of practice. In 
order to obtain an estimate of the effects of practice, the control group is 
given two successive simple reaction-time series. The experimental design 
may be summarized as follows. 

Part I Part 11 

Experimental Group Simple reaction time Disjunctive reaction time 

Control Group Simple reaction time Simple reaction time 

The two groups should be matched according to their performance in 
Part I. Only if the average reirction times of the two groups are approxi- 
mately the same in Part I, can the difference between the conditions in 
Part II be properly evaluated. 

The subject is seated in front of his reaction key, separated from the 
experimenter and the chronoscope by a partition. The stimulus lights are 
mounted so as to appear comfortably in the subject's line of vision. 

For the simple reaction-time series, only one of the stimulus lights, say, 
the red one, is used, and it is always presented in the same position. 
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The subject should use his preferred hand on half the trials, his tran- 
preferred hand on the other half of the trials. This altemaiion between 
the two hands will mafce it possible to compare directly the results of this 
series with those of the disfunetn-c reacHon-timc scries. At the beginning 
of the scries, he is given the following instructions: 

“This is an experiment in reaction time. We arc interested in meas- 
uring the speed with which you can react to the appearance of a light. 
The light Will alwaj-s appear In the same place (esperimenter demon- 
strates the light stimulus), | say 'ready,' pbee j*our index finger 

on the telegraph ley. As soon as you ha\e seen the light, withdraw 
your finger from the key. Be sure to respond as soon as you Ka\e seen 
the light but try never to NVithdratv ytiur finger before >"00 have seen 
the light." » 

Tlie subject is then given twenty to thirty practice trials to acquaint 
him with the procedure. Tlie results of these practice tnals are not used 
in the final computation of the experimental results. Following the prac- 
tice series, the subject « gis'cn 100 trials which constitute the simple 
reaction-time senes. Tliroughout this senes, the duration of the fore- 
period-the interval between the “ready" signal and the dehsery of the 
stimulus-is held constant at 2 seconds Follmnng each trial, the ex- 
perimenter reads the chronoseope. records the rcartion time on a pre- 
arranged score sheet, resets the chronoseope, and then proceeds to the 
next trl.il. 

Sometimes Uie subject may gne premature reactions, i.e., withdraw his 
finger from the response key before the stimulus has been presented. 
Such reactions may occur if the subject’s readiness to respond is wry 
great, causing him to "jump the gun.” To reduce Ibe number of pre- 
mature reactions, it is adrisablc to mtcrsyicrsc a number of "catch trials 
at irregular intervals tliroughout the senes In a catcli trial, the “ready 
signal is gir’cn os usual but is not follmvcd by a stimulus. II a subject, 
nevertheless, gives a response, his error Is pointed out to him, and he is 
cautioned to respond only after seeing the stimiilm light come on 

After the simple reaction-time senes. ll»e subject is given a rest period 
Following the rest intcrr-al, the members of the control group are gircn 
another hundred simple roaction-time trials TIic cxpcnmental group pro- 
cecds to the disjunctisc reaetion-limc senes 

For the measurement of disjunctive reaction time, both the green and 
red light stimuli are used, and llie subject is provided with two response 
V;e>-s, one for his right and one for his left hand Hie following instruc- 
tions arc given , „ , . 

"In this part of the expenment. we shall continue to measure the 



270 


EXPERIMENTAL PSYCHOLOGY 

speed which }*ou can react to the appearance of a light. This time, 
however, we shall present either a green light or a red hght. 

We shall alternate between these two lights in random order. The 
red light will sometimes appear on the left, sometimes on the right, and 
the same is true of the green light. I our task is to react to the red light 
only, not to the green hght. You are, moreover, to respond on the same 
side on which the red hght appears. Mhen I say, ‘ready, place the 
index finger of your left hand on the left key, and the index finger of 
the right hand on the right key. If the red hght appears on the right 
side, wthdraw the finger of your right hand; if the red hght appears 
on the left side, %rithdraw the finger of your left hand. If the green 
hght appears, do not %vithdraw either finger.” 

The experimenter then presents the red and gre6n hghts in a pre- 
arranged random series, at the same time \'an’ing the positions of the hghts 
at random. A tj'pic^al group of trials may be: RL (red left), GR (green 
right), RR, GL, GL, GR, etc. As before, the foreperiod is kept con- 
stant at 2 seconds, and reaction time recorded after each trial. There is 
again a practice series of twentj’ to thirtj- trials followed by a series of 
100 test trials. 

Wrong as well as correct reactions should be noted. WYong reactions 
may be (1) responses to the incorrect stimulus (the green hght), (2) re- 
actions with the wTong hand, and (3) premature reactions. 

Treatment of Results. For each subject, the average reachon time 
in Part I and Part 11 is computed. We may then ask the following ques- 
tions: (1) Was the average reaction time of the control subjects sig- 
nificantly shorter in Part 11 than in Part I? If so, this effect may be 
ascribed to practice. (2) Is there a significant difference between simple 
and disjunctive reaction lime? To answer this question, we compare the 
average reaction times of the control group and the e 3 q>erimental group 
in Part II. In Part II, both groups were equally well praclicjed. If their 
reaction times are sign i fic an tly different, we may ascribe thic discrepance' 
to the difference between simple and disjunctive reaction time. We com- 
plete our analj'sis with a comparison of incorrect, especially premature, 
responses under the two conditions. If a difference is fmind, to what 
features of the two situations may it be attributed? 

Expertment X\Tn 

DETEcmox OF GtriLT Through Word Assocrahon 
We shall describe the conventional experiment using the word-asscxaa- 
tion technique as a method of detecting guilt. Experience has shown that 
such experiments are as likely as not to be failures, especdally imder die 
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artificial conditions of a classroom demonstration wth hboraion 
duwd guilt. Nevertheless, the perfomianco of this cspcttacnt Is prohS 
instructive In highlighting the h'mltiilioiis of this technique nhicii a|„ne 
ivilh other he^letectlng devices, has long enjoyed considerable. aJrd fris 
quently unwarranted, popular appeal. 

Purpose. To demonstrate the use of the word-assodation lrchiiio,ie 
as a method for the detection of guilt. 

Materials. A fist of stimulus words containing neutral and "entfcal " 
Le., guilt-relevant, items is constructed. The critical words should rtfer to 
things unequivocally associated with the "crime.'* The neutral u-ords arc 
neutral in the sense that they refer to items which are in no recognizallc 
way associated with the enme. Whether or not they may hare emotional 
connotations for the subjects due to other experiences Is unl^-n. A 
voicc-key arrangement provides the most precise method for measuring 
the association time (see p 2-15). If voice ke)-3 are not availjljle, a stop 
watch may be used for good approximations to the aisocwtion times. 

Procedure. This experiment u best performed as a classroom dem. 
onstration. The experimenter chooses a small group of sublecfs (three fs 
an adequate number). All the subjects are sent out of the room. One has 
been privately Instructed to commit a "enme," the others serve as con. 
trols. The controls, of course, are kept in ignorance of the nature of the 
crime. The nature of the aime must be left to the ingenuity of the ex* 
perimenter in using available facilities Someb'mes it is possible to find a 
cooperative librarian who agrees to the theft of a bool. Another favorite 
misdeed is the killing of a rat. Again, other experimenters have required 
their subjects to read highly emotional passages. Mbatever tlie crime, 
the critical stimulus words refer in detail to its nature and to the cir* 


cumstanees under which it was committed. 

WTilIc the subjects are out of the room, the procedure is fully ci- 
plained to the class and the neutral and critical items In the word lijt are 
identified. The audience is also reminded the reactions which are com- 


monly regarded as complex indicalon: long issodation times. Tcpielitions 
of the stimulus word, misundentanding, bu^g. blushing, etc. 

The crime having been committed, the euJpnt and the controls sii^if 
to the word-association test. They are, of 
Hie subject is seated comfortably, preferably wit ° ^ 

penmenter whose facial expression may othenrw n !,1' 

Jponses. The subject is instructed to respond to ea. ^ cramnuf. 
file first word that comes to mind, regardless of • , . , 

W relrtiorrship. ^1. - 
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spouse ^vo^ds are -written do\vn as weB as any relevant diaracteristics cf 
the subject’s behavior, such as laughing, blushing, and otner signs of 
embarrassment. 

It is posrible to combine the -cvord-assotriation test vritti ottier measures 
of emotional response, snch as the eal\-anic skin response and changes in 
the breathing cyde. For a description of these techniques, see Chapter 
19, Experiment XX\'n. 

Treatment of Results. The main quantitative data are, of course, 
the assodation times. The average association times for neutral and 
critical w-ords are computed for each of the subjects. In each case, the 
size and reliahilitt' of the diSerence in assodation time for neutral and 
critical words are determined. This analj-sis is supplemented u-ith e\-alna- 
tion of the subjects’ behavior during the test— the extent to which thej- 
showed signs of guilt in the presence of the critical words. If ph>-siologica] 
indices of emotion have been obtained, these are, cf course, added to the 
picture. On the basis of all the available evidence, the members of the 
rLss are asked to indicate the most likely suspect. The vote should be 
taken in writing to eliminate the possible inSoence of suggestion. In aH 
probabilitv’ the vote vviH be divided, perhaps the majorftv- wiD condemn 
one of the innocent controls-an object lesson in the cautions interprela- 
lioa of evidence and the pitfalls of lie detection. 
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WEASUREMENT OF LEARNING 


ONE of the outstanding diaractrristlcj of the ^>cIu^^or of organisms 
is the continual modi&cation of responses through learning. From 
birth on, and e\'en before, organisms acquire new responses and 
adapt their old ones to changing arcumstanccs, achieving an e\er- 
growing repertory of reactions. These habits penist in time. Some 
last only for a short period, while others function again and again 
and may do so throughout the life of an individual teamin'; and 
rclcniion are ley concepts in the analysis of beliavior. Try to 
imagine an organism without the capacity to leam and to retain 
wliat it Iras leamedt Such an organism would be forever doomed 
to repeat the responses with whi^ it was rjatively equipped, with* 
out benefit from experience and leaching, rervard and punishment. 

The influence of learning Is universal If we consider any area of 
behaslor-motor and verbal skills, problem solving, attitudes and 
sulues-wc find that they oil reflect past learning in countless wa)i 
and are continually modified by new learning. Not only is learning 
ubiquitous, but It manifests itself in many forms of bchaWor changes 
ahd at many levels of complexity. Because of this s-aricty and com* 
.r». • ... .*1 if under con* 

■ alpis. Some 

1 ■ ■ ' i.e been iso- 

bted. With this knowledge and insight gained in the laboratorj*, it 
has been possible to apply principles of learning to many t>’pes of 
belmlor, from simple motor performances to the sodalizalion of the 
child in a spcdfic culture. 


DEriN'mo.v or Basic Teilms 

Le.irning. Wc all know what we mean by fromlng, but the ex* 
perimenter does well to have n rigorous definition, especially for 
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terms which common usage has endowed with a rich variet)’ of 
meanin'Js. Wherever possible, definitions' should be anchored in the 
experiniental procedures from wliich they are derived. In defining 
learning, psychologists refer to measurable- changes in behavior as 
a result of practice and the conditions that accompany practice.^ To 
tnve one simple example; as a subject reads a prose passage over 
and over, he can reproduce more and more words of the passage 
in their proper -.sequence. Obviously, tin's progressive improvement 
can be quantified and related to the number of readings and otlier 
relevant conditions. 

Retention. An individual who has learned to repeat a prose 
passage witliout error usually can reproduce at least part of it again 
at a later date. The amount that he can reproduce is a measure of 
his retention. By retention, then, we mean the persistence of the 
measurable changes in behavior that have been acquired through 
practice. Since tlie learning of most actiwties is a gradual process 
requiring a certain amount of time to reach a given level, the 
progress of learning implies the retention of tliat previously ac- 
quired. For example, our subject may learn the first two lines of 
the prose passage on the first reading. On tire second reading, he 
may add another line or two. In order to reach his goal of perfect 
reproduction, he must retain on later trials what he has learned on 
the earlier ones. In the laboratory, tire distinction between learning 
and retention refers to tlie time at which the measux'ements are 
made. It is customary to designate the period during which the 
process of acquisition goes on as the learning period. If a measure- 
ment of performance is made after tlie end of tlie learning period, 
we refer to it as a measure of retention. 

Stimuli and Responses. We have emphasized the necessitj' of 
studying the learning process analytically. The first step in the 
analj’sis is to specify the responses which are acquired and modified 
and the stimulus conditions under which this acquisition and modi- 
fication occur. The goal of a learning e.xperiment is to establish 
lawful relationships between such conditions as frequency of stimu- 

t It will be re.-ilizod that this definition does not differentiate between what 
we ordinarily call learning and fatigue. Lc.aming is inferred from certain 
changes in the responses made to .a learning situation (usually improved per- 
fonnance), and fati^e from other kinds of behawor changes (usually deteriora- 
tion 01 performance). ^ 
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lus presentation, their re\van!ing And punishing cotuetjuenccs, etc,, 
on tlje one }iand, and the occormioe of responses on the oIJkt. Yet, 
dearly, ft fs nescr possible to describe oil the possible properties of 
a stimulus or a response or to repeat either stiftiulus or response 
identically. As we have pointed out m Chapter 1, all we can do is 
to establish classes of cs'cnts with certain common critical proper- 
ties. Tlicse classes we then describe and treat ciperfmentally as 
stimuli and responses. The subject learning the prose passage ntiy 
read it on successive practice trials under slight changes of Illumina- 
tion, willi diflerent eye movements, and at slightly different speeds. 
On the response side, he may reproduce it again at slightly different 
rates, at different voice levels, and with various inflections. We do 
not hesitate, however, to call the words on the printed page the 
stimuli and the subject's oral reproduction of diese words, die 
responses. 

The degree of restriction on the cbsscs of stimuli and classes of 
responses fs dictated by the specific purpose of the experiment If 
wc were Interested in determining the number of trials required for 
perfect repetition of the passage, clearly, if would not suffice to 
consider as a response a statement of the meaning of the selection. 
Our unit In that case would need to be the individual word. On the 
other hand, if wc wore interested in determining the number of 
trials necessarj' for the subject to reproduce the passage at a uniform 
rate in a perfect monotone, wc would require not only that the in- 
dividual words and their sequence be correct, but. in addition, that 
words be spoVen at a uniform rate and at the same voice level. This 
definition of response would be a much narrower one than the 
definitions adopted in the prev Ions examples. There is no one degree 
of restriction which is inherently superior to others: it all depends 
on the question aslcd by the experiment. In the field of verbal 
learning, the correct reproduction of the stimulus items, without 
regard to such variables as inflection and loudness of vuice, is 
usually considered adequate. 

Associaii'on. Whenever a stimulus situation comes to evole 

.tj.t r> J'J ^...1 . (.....1.. ..W, an 

• «' ISC for 

a while it was used sjmonvmously witli particular kinds of asso- 
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dation. For example, at one time it denoted the connection of one 
idea v/ith another idea; at another b'me, the formation of synaptic 
bonds in the nervous system. The term association, hov/ever, has 
much higher generality. The fundamental aspect of association is 
the fact that a given stimulus acrpiires the propCTty of leading to a 
given response. As McGeoch said, the events associated “may be as 
analytically small as a pinpoint of discriminated light and a single 
muscle twitch thereto; they may be as large as the total perceived 
field of objects and the most complex possible response, , . In 
this sense, association is a basic concept in learning. What units are 
profitably singled out for the study of the process of association is 
an altogether different problem. 

Types of Learning 

Almost any bind of behavior can be modified by learning. Because 
of this very universality, experimental analysis is greatly aided by a 
classification of the various areas of behavior in which responses 
are acquired and modified by learning. Of course, any .such classi- 
fication vdll, to a considerable extent, be arbitrary, 'flic behavior of 
organisms does not readily lend itself to classification in terms of 
mutually exclusive categories. Tlie justification for a breakdown into 
different types of learning lies purely in experimental expediency, 
Diflerent areas of behavior pose their own problems of experimental 
design, instrumentation, and quantification. For example, the con- 
ditioning of hand withdrawal to an electric .shock obviou.sly re- 
quires different methods of measurement than those needed in the 
case of learning a prose passage. For these reasons, experimenters 
have classified forms of behavior and materials of learning into 
different categories. 

Verbal Learning. Man is primarily a verbal learner. When a 
subject enters the laboratory, he already possesses a rich repertory 
of verbal re.sponses which is v/cll overlcamcd and highly organized. 
For this reason, it has been difficult to find standardized materials 
for the study of verbal learning. Faced with verbal material, each 
.subject has his own complex of associations, meanings, and prefer- 
ences in relation to that material. So great did this difficulty appear 

^ J. A, M^eoch, The pmjcholngtj of human learning, Nev/ Yorks Longmans, 
Green and Co., 1912, p. 25. 
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to the first ciperimenter fn wbal learning (Hermann Ebhlnchaus) 
that he attempted to overcome ft by creating the nnrurnte tyllahlr. 
TIjc nonsense s)-llable consists of a vosvcl Iwtwccn tuo consonants 
and has no dfetionatj* meaning. Eramples of nonsense s^•^ahfes are 
VUJ, WOM. TJjc nonsense s)'IIable lus been widely used in the liope 
that different learners would find the materials of er^ua! diff ctiltv and 
that different conditions of learning could be directly compared. 

Of course, the Individual nonsense sjllable Is anything hut non* 
sensical in the full sense of the word. Furthermore, even where there 
arc no associations due to etper/ence and similarity to conventional 
words, the learner soon creates tliein. However, a partiadar se- 
quence of nonsense syllables is new to the subject, and it I* rela- 
tively easy to construct many lists of s)ilables oi the same diffculty. 

Tliere have been attempts to quantify the degree of association 
|X)ssesscd by a given nonsense syllable. One etperimenter presenteil 
nonsense sjilabJes individiiaJly and asletJ ins subjects to report 
whether or not the syllable evolcsl any association. Depending on 
the percentage of subj'ects reporting an association, be classified the 
s)'l!ablcs with respect to association caiuc * This is. of course, only 
one vv.-!)' for appraising the association v^ltjc oi a nonsense s\ liable. 
Another investigator had as his aim tlie measurement of association 
value fn terms of actii.il speed of learning and, on the b.isis of his 
results, published standardized lists of svllahles* Helpful as these 
standardizations have been, there still remain wide individual differ- 
ences among subjects with respect Co the association values of 
syllable lists. 

Tlie investigation of verbal learning has not lieen confined to non- 
sense materials. Eager to come as close ns possible to practical con- 
ditions of learning, investigators have not hesitated to employ 
meaningful worvls, poems, and passages of prose The use of such 
material makes it difficvilt to compare different etpcnmental con- 
ditions with one another because of the iincrjiial diffiailtv of the 
learning tasks. Nevrrtlicless, with the aid of careful controls, some 
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relationships of a high degree of generality .have ‘been ■discovere< 
through the use of such verbal materials. For example, the use p 
large numbers of subjects under each experimental condition make 
it likely that individual differences in learning difBculty will cance 
out to some extent and not influence the results unduly. 

The examples listed above by no means exhaust the sources o 
verbal materials. Many kinds and combinations of materials havj 
been tried out arid -found useful. Thus, the consonant syllable, e.gi 
CKN or JFH, has been employed along with the nonsense syllable 
Lists of numbers and word-number combinations have also beei 
used. 

Motor Skills. Though man may use words in practically an) 
task he attempts, there are certain kinds of activities where words 
play a less important role than in the type of learning we have dis- 
cussed above. This is generally true for motor sMls. Take the 
example of an individual who is learning to play tennis. Certainly 
words will help him by the specification of some of the movements 
required for the mastery of the task. On the other hand, the execu- 
tion of a smooth, expert movement does not depend on a proper 
verbal sequence. After sufiBcient practice, the verbal component 
virtually drops out. The study of the acquisition of such acts of 
skill, of course, involves somewhat different concepts and measures 
from those used in the investigation of verbal learning. In the 
measurement of motor learning, for example, great emphasis may 
be placed on the exact nature and speed of movements as well as on 
the results achieved by them. Thus, the tennis teacher may evaluate 
a pupil in terms of such things as his stance during a backhand 
stroke or in terms of his ability to compete successfully with a cer- 
tain class of players. 

Problem Solving. In an experimental situation, a subject may 
either be given a series of items and required tc learn them or he 
may have the task of discovering which ones of many possible re- 
sponses are correct. In rote learning, all responses are indicated, and 
it is the individual’s goal to reproduce them as faithfully as he can. 
In problem solving, on the other hand, the subject must discover 
and fixate the correct response as well as eliminate the erroneous 
ones. Usually the problem is not solved without a certain amount of 
trial and error. Much of this trial and error consists of verbal re- 
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sponses which may cither be £i\Tn tn-crtly, or their prcicnce may 
be Inferred from the bchaxior of the nibject. Certainly \-crbaI 
processes play on important role in human problem soK-ing. 

' Here is on example of on experiment fmolring both the dis- 
covery and fixation of the correct response by the subject. Different 
Chinese characters were presented os'cr ond over, and subjects were 
rerjuired to associate a nonsense name with each of the characters. 
Tlie characters were complex and were dianged from reading to 
reading. However, each cluracter had a basic component or radical, 
ond all characters with the same radical had the s.ame nonsense 
name. In this situation, learning depended on the rcaliration of the 
principle according to uhich the association of character and name 
is made. Tlic subjects did learn the correct associates One impor- 
tant finding ssas that in some cases subjects could respond correctly 
without being able to wbalitc the pnnciple on sshkh their're- 
sponses were based. Tliis expenment is a good example of human 
problem solving because (1) the concct responses must be dis- 
covered by the subject, and (2) verbal processes aid in the solution 
and learning to vatj'lng extents.* 

Of course, in many learning situations, not only in those uhich 
im'oUc problem solving, the subject must discover some aspects of 
the correct response for himself. In the case of motor skills, for 
c.xample, the goal is stated and perliaps tJie general mode of attack 
is indicated to the subject. He must, hmvcvcr. find for himself the 
particular sray of achicsing the smooth, integrated act. 

MEASimEMENT OF LeaHM.VC 
Let us recall our definition of association' whenexTr a stimulus 
situation comes to evoke a response which it did not prcMcnisly 
evoke, an association has l>een formed betwTcn the stimulus and the 
response. Such an association is not an all-or-nonc affair. One of the 
great achicxTments of the experimental p$)xholog\' of learning lias 
been to dcx’isc methods for the measurement of the strength of an 
association. Strength cannot be mfenrd from a single act of be- 
havior. Rather, it Is inferred from the quantilatiie characteristics of 
• C. L. Hull. Qu*ntiUtI%-e aipcrts xi the rvolutloa of conerpu. fiycAcif. 
Afenegf , 19i0. "5, No. 123. 
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a series of responses. Let us now consider the principal methods for n 
the measurement of strength of association. -v. 

Frequency of Response Evocation. A strong associatiop.-is in-; 
f erred from the fact that a response is given on nearly every, dcca-. 
sion that the stimulus is presented. By this measure, a scale of 
strength is established in terms of the proportion of the total num- 
ber of stimulus presentations which evoke the response. Complete 
absence of association is defined by 0 percent evocation; full 
strength of association, by 100 percent evocation; 100 percent evoca- 
tion, however, does not necessarily denote the greatest possible 
strength of association. Thus, two associations may both yield 100 
percent responses but turn out to be of different strength when 
tested by more sensitive indices. Moreover, the meaning of any pro- 
portion varies with the number of trials on which the proportion is 
based. Thus, the associations established by learning a list of non- 
sense syllables to a criterion of two perfect repetitions will not be 
as strong as the associations resulting from learning the same list to 
a criterion of five perfect repetitions. In general, the larger the num- 
ber of trials yielding 100 percent response evocation, the greater 
the inferred strength of association. 

Resistance to Forgetting. As we have seen, percent response 
evocation is not an unequivocal measure of strength. This frequency 
measure may be made more sensitive by introducing varying time 
intervals between the end of practice and the measurement of 
associative strength. Diflferences not apparent at the end of practice 
may be measurable after a time interval. Thus, in our previous ex- 
ample, the lists learned to either two or five perfect repetitions were 
both at 100 percent strength at the end of practice. Diflterences in 
their strength would become apparent on a test a week after the 
end of practice. At that time, more items would be recalled from the 
list learned to five perfect repetitions. In this way, resistance to 
forgetting provides a measure supplementary to frequency of re- 
sponse evocation. 

Ease of Relearning When a time interval intervenes between 
the end of practice and the test, the associations are weakened by 
processes occurring during that time interval. After a given interval 
of time, an initially strong association is still stronger than an 
initially weak one. Clearly, a greater amount of practice will be 
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wjtifrcd for tfie weaker oiiocfatbn Ilian for llio ifrongfr one If llio 
fv/o are to he I)rotif;ht hack to ihc fame ftrcoj'th. Hence, ihe rmin- 
her of {riali for relearning to a given criterion prov/dej noodier 
measure of llic rclallve ilrcngtli of flfjoclallons, Ix-t iii rrlom lo 
our example of IIsU learned to two and five perfect repeJIl/onf. If 
hoth lists are relearned olter one weeV, the list originally learned 
to a criterion of two repetitions will rcrpilro more trials to yield 
100 percent evocation again than will the oIIict list. 

latency. One rather dilTcrent measure of the strengtli of an 
association is that of the latency of the response. latency refers lo,| 
the amount of lime which elapses Mween the onset of the itimiilns 
and the heginning of the response. A strong association implies a 
higlj degree of readiness to give the response under appropriate 
stimulus conditions. Experimental Invcsligatlons have, Indeed, 
shown that the more frcvpicmtly evoked responses are also the 
quicker ones. Sometimes I-atency measures wlii detect dlifersmcei 
which arc not easily measured liy the frequrricy mefliwl. 

Tlic specific cxpcftmerital proc^ures hy which these measure* of 
associative strength are made will )>o elaborated in suhsrrjucrit 
clupters. 

I.,KAn.*tfNc CvnvFJi 

Having defined a scale of associative strength, we can proceed 
to plot it as a ftmcflon of numlier of practice trials. Such a plot Is 
called a learning curves Sfrengtli of learning can he measured in 
various ways, and the particular tinlls employed will help to deter- 
mine the characteristics of the learning curve.l 
\Vlicn the performance measure Is Iho nimiher of responses ac- 
quired, we obtain a rising curve. Wlicn the performance me.itfjrc 
refers to the elimination of wrong rrsponsex or the time required 
for the completion of the ta.ik, we obtain a falling curve. For ex- 
ample, wlicn a ma?.e Is learned, the number of correct choices per 
trial as a function of practice would iljow a rising curve. On the 
other hand, cither the numW of cnorM or the time per trial as a 
function of practice wmdd yield a falling oirve. 

Whether rising or falling, learning turves may develop d/ffcrcnfly 
In time. The amount of change In performance l>etween two suc- 
cessive measurements may keep Incfcaslog or keep decrealn^ over 
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a series of responses. Let us now consider the principal methods fq 
the measurement of strength of association. 

Frequency of Response Evocation. A strong association. is in 
ferred from the fact that a response is given on nearly every dcca 
Sion that the stimulus is presented. By this measure, a scab o 
strength is established in terms of the proportion of the total num 
her of stimulus presentations which evoke the response. Complet* 
absence of association is defined by 0 percent evocation; full 
strength of association, by 100 percent evocafa'on; 100 percent evoca- 
tion, however, does not necessarily denote tire greatest possible 
strength of association. Thus, two associations may both yield 100 
percent responses but turn out to be of different strengtli when 
tested by more sensitive indices. Moreover, the meaning of any pro- 
portion varies wth the number of trials on which the proportion is 
based. Thus, tlie associations established by learning a list of non- 
sense syllables to a criterion of two perfect repetitions will not be 
as strong as the associations resulting from learning the same list to 
a criterion of five perfect repetitions. In general, the larger the num- 
ber of trials yielding 100 percent response evocation, the greater 
the inferred strength of association. 

Resistance to Forgetting. As we have seen, percent response 
evocation is not an unequivocal measure of strength. This frequency 
measure may be made more sensitive by introducing varying time 
intervals between the end of practice and the measurement of 
associative strength. Differences not apparent at the end of practice 
may be measurable after a time interval. Thus, in our previous ex- 
ample, the lists learned to eitlier two or five perfect repetitions were 
both at 100 percent strength at the end of practice. Differences in 
their strength would become apparent on a test a week after the 
end of practice. At that time, more items would be recalled from the 
list learned to five perfect repetitions. In this way, resistance to 
forgetting provides a measure supplementary to frequency of re- 
sponse evocation. 

Ease of Relearning When a time interval intervenes between 
the end of practice and the test, the associations are weakened by 
processes occurring during that time interval. After a given interval 
of^ time, an initially strong association is still stronger than an 
initially weak one. Clearly, a greater amount of practice will be 
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required for the wealcer association than for the stronger one if the 
'two are to be brought back to the same strength. Hence, the num- 
ber of trials for relearning to a given criterion provides another 
measure of the relative strength of associations. Let us return to 
our example of lists learned to two and five perfect repetitions. If 
both lists are relearned after one week, the list originally learned 
to a criterion of two repetitions will require more trials to yield 
100 percent evocation again than wJI the other hsl. 

Latency. One rather different measure of the strength of an 
association is that of the latency of the response. Latency refers to,} 
the amount of time which elapses between the onset of the stimulus 
and the beginning of the response. A strong association implies a 
high degree of readiness to give the response under appropnate 
stimulus conditions. Experimental investigabons have, indeed, 
shown that the more frequently evoked responses are also the 
quicker ones. Sometimes latency measures will detect differences 
which are not easily measured by the frequency method 
The specific experimental proc^ures by which these measures of 
associative strength are made will be elaborated in subsequent 
chapters. 

Learning Curves 

Having defined a scale of associative strength, we can proceed 
to plot it as a function of number of practice tnals. Such a plot is 
called a learning curce^trength of learning can be measured in 
various ways, and the particular units employed will help to deter- 
mine the diaracteristics of the learning curve^ 

When the performance measure is the number of responses ac- 
quired, we obtain a rising curve. When the performance measure 
refers to the ehminabon of wrong responses or the time required 
for the completion of the task, we obtain a falhng curve. For ex- 
ample, when a maze is learned, the number of correct choices per 
trial as a function of practice would show a rising curve. On tbe 
other hand, either the number of errors or the time per trial as a 
function of practice would yield a falling curve. 

Whether rising or falling, learning curves may develop 
in time- The smoxmt of change in performance between ^ 
cessive measurements may keep increasing or keep decreasi:?^ 
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a certain number of trials. If each successive change is greater t^an 
the preceding one, the resulting cur\'e shows positive accelerati^. 
Such a curve is the one labeled 2 in Fig. 73. On the other hand,^lf 
each successive change is smaller than the preceding one, the ci^-e 
shows negative accderation (Curve 1 in Fig. 73). Some curves 
show an initial period of positive acceleration followed by a period 
of negative acceleration. Such cur\'es are designated as S-shaped 
(Curve 3 in Fig. 73). 



Fig. 73. Tj'pical Learning Cur\'es. Cuiv'e 1 
shows negative acceleration; Curve 2 shows positive 
acceleration; Curve 3 shows an initial period of 
positive acceleration followed by negative accelera- 
tion (S-shaped). 

There is no simple rule for predich'ng the form of a learning 
curve in advance. Certain general relations behveen learning pro- 
cedure and the form of the resulting curve have, however, been 
established. For example, if the material consists of some parts 
which are easy and some parts which are difficult to learn, a nega- 
tively accelerated cuix'e is typically obtained. The easier parts are 
quickly learned at the beginning, with the harder parts being ac- 
quired more slowly later on. Positively accelerated curves, on the 
other hand, are typically obtained for learning tasks which become 
progressively easier as practice continues. Since the S-shaped cur\'e 
is a combination of the two other tj'pes, a proper combination of 
factors leading first to positive and then to negative acceleration 
yields such a curv'e. Even though such general relationships hold up 
fairly well, tht;« particular shape of a learning cun'e is always jointly 
determined by the particular materials, the characteristics of the 
learner, the learning procedure, and the methods and units of 
measurement. 

Vincent Curves. A learning curve describing the performance 
of a single subject is usually quite irregular, probably because it is 
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.not possible to control adequately many of the factors which con- 
'tnbute to fluctuations in performance from moment to moment For 
this reason, it is necessary to average the performances of many 
■learners in order to obtain a good picture 'of the general relationship. 
The averaging of learning data, however, poses a, special problem. 
Different individuals enter the learning .situation with different 
capacities to leam and with different preparations for the task. 
Therefore, different states of acquisition be represented by 
different subjects’ performances on any given trial. Suppose a group 
of subjects has the task of learning a list of ten wor^. Some are 
fast learners, others are slow learners. On a given trial, say the fifth, 
the fast learners will have nearly achieved the goal of a perfect 
repetition while the slo^v learners will have learned only a few items. 
To average the raw data trial by trial in order to obtain a composite 
curve would introduce a serious distortion. To do so would mean to 
combine the data for individuals at different stages of learning. 

One method, which at least partially takes this difficulty into ac- 
count, is the construction of a Vincent curve. This method consists 
of dividing each individual’s total learning period into a given 
number of divisions. The number of divisions is the same for all 
subjects, but the size of these divisions will vary from subject to 
subject depending on the total length of their learning periods. ITie 
performance at the end of corresponding periods are averaged to 
obtain the composite learning curve. 

The construction of a Vincent curve way be illustrated by the 
following simple example. There are two subjects learning a list 
of 10 words. One of the subjects is a fast learner, the other a slow 
one. The first subject needs 5 trials to reach the critenon of one 
perfect repetition, the second, 10 trials. The accompanying figures 
show the number of correct responses given by the two subjects on 
each successive trial. 


Trials 



1 

2 

3 

4 

5 

8 7 8 9 10 

Subject A: 

2 

4 

7 

8 

10 


Subject B: 

2 

3 

3 

5 

7 

6 7 8 8 10 


We divide the learning periods of the two subjects into five diiis/oas 
each. For Subject A, each division consists of 1 trial; for Sub/eri S. 
2 trials. At the end of the first fifth of his learning period, Subyfd'* 
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gland. A metronome sounds, the dog pricks up his ears and 4ms' 
his head toward the sound. No saliva drops from the rubber tube 
Several minutes later, a plate of meat powder is moved within reach 
of the dog’s mouth. As he eats the food, several drops of saliva fall 
from the rubber tube and are collected in a sensitive measuring de 
vice. Some time after the meat has been removed, the metronome . 
sounds again, and this time it is foUowed within 10 seconds bv the 
plate of meat. At the sight of the food, the dog sahVates. This pair- 
metronome and the meat is repeated over and over!^On 
presentation of this combination of stimuli, two drops of 
saliva fall from the rubber tube after the sounding of the metronome 
but before the meat is presented. On the tenth sounding of the 
metronome the meat powder is omitted entirely. The metronome 
»un* for 30 seconds and during ttis period eight drops rf X 
arc collected from the rubber tube, ^ 
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paired w'th the unconditioned sttmiilns fi cnllrd n rntullKofinl 
stimulus. When llie uncondiironed response Is innde to Uie roml)* 
tioned stimulus, it is called tlio conditioned response, 

C3l and UR Are Not Nccess.irlly Identlnd. ^ti ini|uirlniit 
qualihcation has to be added to otir description of the rondlllonliif' 
process. In many experimental situations, tlio rondllloiied response 
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ulus, fs. The fact that conditioned responses are made to stimuli 
other than tlie specific conditioned stimulus is known as gcncraliza- 
tim. The greater tire difference behveen tlie conditioned stimulus 
and the stimulus used to test for generalization, the less frequently 
will the response be elicited. Thus, ii and io would produce condi- 
tioned responses less frequently tlian u and in. In short, there is a 
gradient of generalization: the closer a test stimulus is to tlie original 
conditioned stimulus, tlie more effective it is in evoking tlie condi- 
tioned response. Generalization is most marked when tlie condi- 
tioned stimulus differs from tlie stimuli used to test for generaliza- 
tion along a single physical dimension, such as tlie intensity of light. 
(See also pp. 431 f.) 

The degree of generalization can be reduced by presenting the 
unconditioned stimulus (e.g., food or shock) after responses to the 
conditioned stimulus proper, e.g., only after responses to k, but not 
after responses to otlier stimulus intensities. By this procedure, the 
animal is led to discriminate between the conditioned stimulus and 
other stimuli. The degree to whicli discrimination can be pushed 
prowdes us with a good measure of the animal’s sensitivity to stim- 
ulus difference.?. The conditioning procedure has, in fact, been used 
ns an equiralent to psychophysical metliods to measure the dif- 
ferential thresholds of animals. 

Sometimes the e.\perimenter may make tlie task of discrimination 
too difiicult for tlie animal, requiring it to make discriminations 
whicli exceed its sensor)' capacities, making, for example, the in- 
tensit)' differences behveen tlie conditioned stimulus and the test 
stimuli so small as to be below tlie animal’s differential tliresliold. 
In such cases, tlie animal’s behavior may be severely disrupted: it 
may show great agitation, tr)' to break out of its harness, growl and 
snap at tlie experimenter, and become permanently incapable of 
sem'ng as a subject in a conditioning e.xperiment. Such disruption 
of behavior is aptly described as experimental neurosis. E.xperimen- 
tal neurosis is induced when the animal in a conditioning experi- 
ment faces an impossible task, when tlie attainment of rewards and 
punishments depends on a fine discrimination whicli it is incajiable 
of m.akmg. In anthropomorphic terms, it is put in a conflict be- 
hveen responding and not responding. Like many humans, who 
cannot resolve a conflict, it becomes "neurotic.” 
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Tiie Main Pahameters of Conditioning Experdiients 
We have said that the establishment of a concUUoned response and 
the form which the response takes depend on many \an'ables. 
Nevertheless, we may distinguish between major determinants of 
the process and those factors which merely modify it. By major de- 
terminants, we shall mean those experimental procedures without 
which no conditioned response can be elicited. The modifjnng fac- 
tors are those which affect the rate and degree of conditioning. We 
shall discuss the major determinants hrst 
Strength of Unconditioned Response. It is not sufficient for 
the establishment of a conditioned response that hvo stimuli occur 
together. As we have emphasized, the unconditioned stimulus must 
uniformly and consistently elicit the unconditioned response. It is 
for this reason that conditioned responses can always be traced 
back to innate response patterns— the most uniform and consistent 
responses in the repertory of the organism. 

Nature of CS. The conditioning experiment tries to establish a 
connection between the CS and the UR. At the beginning of the 
experiment, therefore, the CS must be “neufrar with respect to the 
UR. This does not mean that initially the CS never evokes the UR at 
all. It does mean that at the start the CS should not evoke the UR 
unif *’ ' 

CS ■ • , 

pose, for example, uie ua is a pnipncN to im. jvit-ninv u. « 
dog. The CS is a strong electric shock to the right hindlimb. The 
UR to the pinprick is a flexion of the right foreleg, while the original 
response to the electric shock includes flexion of the right hindleg. 
Under these circumstances, the dog may not learn to flex its fore- 
limb in response to the electric shock. Apart from these restrictions, 
virtually any stimulus may serve as the CS. 

Temporal Relations Between CS and US. The temporal in- 



292 EXPERIMENTAL PSYCHOLOGY 

Honed response vrien tbe CS precedes the US 'to when it fohow^s 
it Fie. 74 grapHcaUv sho^vs how degree of conditioning varies with 
the temporal intervi between CS and US. 

It should be noted that conditioning apparently occurs e%’en when 
the conditioned stimulus follows in time the unconditioned stimulus. 
The acquisition of a response under these particular temporal con- 



Fic. 74. Degree of Conditioning (percent of 
conditioned responses obtained) as a Function of the 
Time Interi'al Between the Conditioned Stimulus 
and the Unconditioned Stimulus. Negative time in- 
tervals indicate that the conditioned stimulus 
foDowed the unconditioned stimulus. (From C. L. 

Hull, Principles of behavior, 1943, p. 170, by per- 
mission of Appleton-Centurj’-Crofts, Inc. From data 
by H. M. WoSe, Conditioning as a function of the 
interval behveen the conditioned and the original 
stimulus, J. Gen. Psychol., 1932, 7:80-103.) 

ditions is difficult to obtain, and some investigators have maintained 
that backward conditioning does not occur. 

The CS may or may not overlap with the US in time. For ex- 
ample, the metronome may still be sounding when the food is pre- 
sented in a Pavlo\'ian experiment. In this case, w'e spealc of a delayed 
CR. On the other hand, if the metronome is turned oE some time 
before the food appears, we speak of a trace CR. Trace CRs 
are more difficult to form than delayed CRs. In both cases, a long 
time intenal becomes itseE a conditioned stimulus, and the CR 
tends to appear tosvard the end of the interval 




TRIALS BY TENS 

Fic. 75. This Curve Shows How a ConthUoned Response (conditioned 
eyeblink of human subjects) Grows in Strength as a Function of the 
Number of Repetitions. (After G. A Kimble, Conditioning as a function 
of the time between conditioned and unconditioned stimuli, / Exper. 
Psychol, 1917, 37:8, by permission of the journal and the American 
Psychological Association.) 


acquisition curves for verbal materials, so there are acquisition 
curves for conditioned responses. Fig. 75 shows how a conditioned 
response grows in strength as the number of repetitions increases. 

Summary of Major Determinants. The establishment of a CR 
requires: (1) the presence in the subject of a reliable UR to a US; 
(2) initial neutrahty of the CS with respect to the UR, (3) a close 
sequence m time of the CS and US, and (4) several paired presen- 
tations of CS and US. The experimental conditions must conform to 
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each of tliese factors. However, these factors are interdependent. 
The number of acquisition trials required for conditioning, for ex- 
ample, varies with the strengtlr of tlie US. Fig. 76 shows that the 



Fig. 76. The Dependence of die Speed of Conditioning on the 
Temporal Interval Between Conditioned Stimulus and Unconditioned 
Stimulus. These curves show the acquisition of a conditioned eyelid 
response with three temporal intervals between the conditioned stimulus 
and die unconditioned stimulus. (After G. A. Kimble, Conditioning as 
a function of die time between conditioned and unconditioned stimulus, 
/. Exper. Psychol., 1947, 37:8, by permission of the journal and tlie 
American Psychological Associadon.) 

number of acquisition trials also varies witlr the temporal interval 
between CS and US. In general, witliin strict limits, if one of the 
major determinants is relatively unfavorable to conditioning, this 
situation may be offset by more favorable values of tlie other 
parameters. 
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Secondahy DnrrnMiNAN’iH 

Distribution of Tracticc. Tlio nitmlx'r of arqulJiillou |»'r 
unit of time influences the degree of learning. In gerietiil, lln« inmi' 
distributed the trials are In time, llie beller lliti lenriiing. b'lg. 77 
shows that a conditioned eyelid responsr? In mati U ner|ii|je(t niticli 
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> this phenomenon, the term external inhibition has been applied, 
le effect of the extraheous stimulus, characteristically, is of short 
[ration. An extraneous stimulus may also have the opposite effect 
lisinhibition) , If this stimulus occiurs immediately after the CR 
s been experimentally extinguished, the response may temporarily 
appear. 

Individual Differences. Conditioned responses, like all the 
tivities of living organisms, show individual differences. Animal 
d human subjects alike differ in tlie ease with which tliey can be 
nditioned. Little is known as yet about tlie constitutional and at- 
udinal factors responsible for these differences. 

Altitudinal Factors. Whenever the UR is under voluntary con- 
)1 (human subjects), even if only partially, attitudinal factors may 
sume a major role. Much will depend on how the subject in- 
rprets tlie task set him by the e.\perimenter. If a shock to the hands 
^e US, for example, the subject may consider it a test of endur- 
ce, or a test of the speed with which he can achieve the \vith' 
awal. Attitudinal factors need to be controlled carefully when 
iman subjects are involved. 

Types of Conditioning Experiments 
The term conditioning was originally restricted to the procedures 
rich we have just described. The connotation of the term was, 
wever, soon extended to encompass a greater variety of learning 
uations. The essential differences among the various conditioning 
periments reside in the role played by the subject’s motivation. In 
2 Pavlovian experiment, an adequate degree of motivation is in- 
red by the use of an unconditioned stimulus which elicits a strong 
late response. The unconditioned stimulus is paired with the con- 
ioned stimulus no matter what the animal does. However, condi- 
ned responses can also be established in situations where the 
imal has to discover by a process of trial and error the means of 
^bout tlie unconditioned stimulus. In these trial-and-error 
aations, motivating factors play a crucial part in that they lead to 
; selection of the response that finally becomes conditioned. It 
IS becomes necessaty to distinguish between two general tj'pes of 
ididoning procedures. 

^.ilassical Conditioning. When the experimental conditions are 
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such that the US accompanies the CS no matter what the subject 
does, a chs^cal conditioning experiment is •performed/ This pro- 
cedure is called classical conditioning because it represents the pro- 
cedure used by Pavlov. Since the CR markedly resembles the re- 
sponse (UR) evoked by the US, the application of;the US is tenned 
homogeneous reinforcement. The term reinforcement 'is used be- 
cause the presentation of the US strengthens, or reinforces, the CR. 
The adjective homogeneous refers to the fact that CR and UR are 
similar activities, involving the same effector organs, e.g., salivation. 

Instrumental Conditioning. When the experimental condi- 
tions are such that the application of the reinforcing stimulus de- 
pends upon what the animal does in response to the CS, an instru- 
mental conditioning experiment is performed. It is so called because 
the response to the conditioned stimulus is instrumental in produc- 
ing the reinforcing stimulus. In this case, the conditioned response 
does not res.emble the response evoked by the unconditioned stim- 
ulus, For this reason, we speak of heterogeneous reinforcement. 

CoNDinONINC AN InSTOUMENTAL RESPONSE 

In order to illustrate the distinction between classical and instru- 
mental conditioning, we shall describe a situation in which a subject 
learns an instrumental response. Again, we find a dog, strapped in 
his harness, standing on the experimental table but minus the tube 
dangling from his cheek. A bell sounds, the animal fails to respond 
to it but continues to lick his paw. No food is given to him The 
bell sounds again, and now the dog pricks up his ears and turns 
toward the bell. This time food is immediately presented, and 
he nibbles from it. The bell sounds again and again, and only 
when the dog pricks up bis ears and turns to^vard the sound, is he 
rewarded with food. After several tnals, no sooner has the bell 
begun to sound than the dog’s ears go up promptly, he turns his 
head with mechanical precision toward the source of sound, and 
saliva drops from his mouth. An instrumental response— pricking up 
the ears and turning the head— has been learned. But note: we have 
at the same time unwittingly performed a classical conditioning 
experiment. We merely failed to measure the increase in salivation 
as the e.xperiment proceeded. The instrumental response and the 
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dassfca] response have both been established through the same 
reinforcing stimulus— food. One response— salivation— has been es- 
tablished by homogeneous reinforcement, the other— the instrumen- 
tal one— by heterogeneous reinforcement. 

Four main fypes -of instrumental conditioning have been dis- 
tinguished according to the consequences of the instrumental 
response for the motivated subject. 

Resvard Training, The instrumental response leads to a re- 
ward. For example, a buzzer is sounded and food is delivered to the 
animal only if it performs some instrumental act such as pressing 
a lever or turning its head toward the sound. The appearance of tire 
reward (reinforcing stimulus) is contingent upon the instrumental 
act.^ 

Escape Training. The instrumental response allows the sub- 
ject to escape a harmful or painful stimulus. For example, the 
animal may terminate a continuous electric shock by an instrumental 
act such as pressing a pedal or standing upright. The well-condi- 
tioned animal will perform this instrumental act very shortly after 
the onset of the noxious stimulus. 

Avoidance Training, The instrumental response enables the 
subject to avoid the onset of a harmful or painful stimulus. For 
example, a buzzer is sounded and followed after a set time interval 
by an electric shock. By performing an instrumental act such as 
withdrawing from the electrodes during tin’s time interval, the sub- 
ject may avoid the application of the shock. 

Secondary Reward Training, The instrumental response leads 
to a stimulus object which may later be exchanged for a reward. In 
other words, the subject works for a token. This token is originally 
neutral and acquires reinforcing properties because it is paired with 
a reward. For example, an animal will learn to pull a string with a 
weight attached to it in order to obtain a poker chip or similar 
token, provided tlie animal can use the token to get food. 

1 Somelimes no specific conditioned stimulus, such as a buzzer, is given, and 
the instomcntal response (e.g., pressing a lever) must occur .spontaneously be- 
fore reinforcement is given. In such cases, we may think of the instrumental 
response as conditioned to the total pattern of stimuli in the e.xperiniontal sit- 
uation. ^ 
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Quantitati\'e Methods in CoNDmo>nNG 

Let us reconsider the main independent and dependent variahlos 
of the conditioning experiment with special emphasis on the inetli- 
ods of quantification to which they lend themselves. 

Independent Variables 

The principal independent variables in a conditioning experiment 
are: (1) the nature and intensity of the US In relation to the inotiva* 
tion and the physical state of the sub{e<^« (2) the natutc and In- 
tensity of the CS; (3) the time interval between the CS and the 
US or between the CR and the US, (4) the interval l)chs'ecn suc- 
cessive trials, (5) the number of acquisition trials; (G) the relnlivo 
frequency of reinforcements. 

The Nature and Intensity of the US. We have cinphnsi/ed 
that conditioning depends on the subject's uniform, consistent re- 
sponse to the US. The degree or strength of the conditioned response 
depends on the intensity of the US because this intensity in turn 
determines the strength of the UR. It is probalily safe to say that 
within wide limits, the strength of conditioning is highly correlated 
with the Intensity of the US. In many cases, however, if tho in- 
tensity of the US is increased beyond a certain point, the hehavior 
sequence may be disrupted. 

It is not sufficient to know the strength of the US in order to pre- 
dict the strength of the UR. The efficacy of the US depends on the 
motivation and physical state of the subject When an animal is 
satiated, a large food re>vard is no more effective as a reinforcing 
stimulus than a small resvard. A constant reward will have different 
effects depending on the motivation of the animal. 

Nature and Intensity of the CS. As long as the CS lies within 
the sensory capacity of the organism and is neutral with respect to 
tlie UR it raises no special problems of quantification. In desenh* 
inff a CR e.\periment, it is usually suffiaent to give an adequate 
descriptta of te CS in physical Icnns. 

Time Inle^^•al Between CS and US. Although this varhible Is 
an important determinant of the strength of conditioning, there is 
a ain no special problem of quantification because it is stated in 
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units of physical time. In instrumental conditioning, the time interval 
between CR and US may become a critical variable. 

Time Interval Bettveen Successive Trials. The same consid- 
erations apply as to the question of the interv'al beriveen CS and US 
although laboratory control is usually achieved without difficulty. 

Number, of' Acquisition Trials. The number of acquisition 
trials is a simple counting variable. This means that we are simply 
concerned with' the frequency of occurrence rather than with the 
intensity or form of a given event. 

Relative Frequency of Reinforcement. This variable refers to 
the percentage of the total number of trials on which the reinforc- 
ing stimulus is presented. Again, we are dealing with a simple count- 
ing variable. Strength of conditioning can be plotted as a function 
of the relative frequency of reinforcement. 

Dependent Variables 

Two features of the conditioned response constitute tibe main de- 
pendent variables: the form of the CR and the strength of the CR. 
One of these, the form of the CR, cannot be quantffied. If in the 
course of conditioning, a response becomes more and more predse 
and circumscribed as is typically the case in wthdrawal from shock, 
it is difficult to find a meaningful quantitative index of this change 
in the form of the response. 

On the other hand, the strength of a CR can be rigorously quanti- 
fied. Four important ways in which the strength of the CR can be 
measured are: (1) the frequency of occurrence of CR; (2) resistance 
to experimental e.\tinction, i.e., the number of uiueinforced trials 
required to reach a given criterion of experimental extinction; (3) 
the latency of the CR; and (4) the amplitude of the CR. 

Frequency of Occurrence of CR. This variable is perhaps the 
most important single measure of the strength of the CR. It is again 
a simple counting variable. The experimenter must decide in ad- 
vance on unequivocal requirements which a response has to meet in 
order to be considered a CR. Once this dedsion has been made, it 
is merely necessary to determine the number of CR’s that occur in 
a specified block of trials. 

Resistance to Experimental Extinction. Once a CR has been 
established, it can be extinguished if the reinforcement is omitted. 
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^Vhen we define strength of CR in terms of resistance to extinction, 
we mean that a strong CR requires more trials ^or extinction than a 
weak one. This index has been applied very widely in the measure- 
ment of instrumental re%vard conitioning. 

Latenq’ of the CR. Frequency- of occurrence and resistance to 
extinction do not tell the whole story. The latency of the CR pro- 
vides one supplementary measure. Under certain experimental con- 
ditions, a short latency signifies a strong CR. One important excep- 
tion to this rule shoxx's why latency is not a universal measure. In 
the case of the delayed CR and the trace CR, latency actually in- 
creases as the response becomes more strongly established. Tlie well- 
established CR of this t)'pe occurs in close temporal proximity to 
the US. 

Amplitude of the CR. Again, under certain experimental con- 
ditions only, the amplitude of a response can be used to gauge Its 
strength. We then say that the greater the strength of the CR, tho 
, • »•« 1 . f »i.. . .. .... . . „ . .' .r »» *• » 


is violent and diffuse. It may be desenbed as a response of largo 
amplitude. As the animal learns to avoid the shock, the response 
becomes more localized and precise When learning is complete and 
the response has reached its maximally adaptive stage, the CR has 
only a fraction of its original amplitude. 

Special Problems of Control in 
C oNDinoNLNc Experiments 
The basic notion of conditioning is simple, but many delicate 
problems of control arise in any conditioning experiment. Without 
attempting to be exhaustive, we shall now discuss some of these 
special problems. 

Control of External Environment. In many psychological ex- 
periments, only certain relevant environmental features need to “he 
carefully controlled. For example, one can determine the lavs nf 
color mixture in a room which is not absolutely quiet. In the 
tioning experiment, on the other hand, even minute distuAanxs 
can interfere with the learning process. We have already 
to Pavlov’s concept of external inhibition in connection wito 
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effects. Furthermore, some modem "^vnteis ha\'e suggested Qiat artg 
stimulus acting at the same time as the US will become associated 
wth the UR. ^er all, the CS does not come with a lag on it On 
auy given trial, the animal cannot know what stimulus is extraneous 
and what stimulus is intended as the CS. F or this reason, experiment 
ters take great care to isolate the subject as much as possible during 



Fig. 7S. ‘‘Skinner Box.” This is widely used in instrumental condiSon- 
ing experiments. The rat is well isolated in this soundproofed chamber. 
lAhen the rat presses the lever, a pellet is automaticallj’ delivered from a 
food magazine into the tray. (After B. F. Skinner, The hcheeior ot 
crganisme: an experimental analysis^ 193S, p. 49, by permission of 
Appleton'Centuij’-Crofts, Ina) 

a conditioning experiment. One device which has been used with 
great success is the Skinner box. The subject (e.g., a white rat) is 
isolated in a small, dark, soundproof chamber, and in this wav the 
amount of disturbance during the conditioning trials is greath' re- 
duced. Fig. /S sho^vs such a box. This device is being widely used 
in the quantitative invesbgatioa of instrumental conditioning. 
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Control of Subject’s Motivation. The effectiveness of the rein- 
forcing stimulus is not determined by Its physical intensity alone, 
but varies significantly wth the subject’s motivation. Two sources 
of reinforcement, which have been widely used in conditioning, will 
serve to illustrate this point: food and shock. Food is an effective 
reinforcing stimulus only if the animal is sufiiciently hungry. The 



Fic. 79. These Curves Show How a Rat’s Rate ot 
Lever-Pressing Response Is Influenced by Degree of 
Hunger. The numbers on the curves refer to grams 
of food eaten before the experimenial session. The 
more food has been eaten, the fewer the number of 
lever-pressings per unit of time. {From B. F 
Skinner, The behavior of organisms: on experimental 
analysis, 1938, p. 393, by permission of Appleton- 
Cenhiiy-Crofts, Inc.) 

degree of the subject’s hunger can be manipubted by the simple 
procedure of feeding and fasting. Over a certain range, the greater 
the degree of hunger, the more quickly the conditioned response is 
established. Once the response has been established, the degree of 
hunger will help determine the readiness with which it is used. 
The frequency wth which an animal responds in an instrumental 
situation may vary with the degree of hunger. Fig. 79 illustrates this 
dependence of rate of response on hunger. 

A noxious stimulus, such as electric shock, behaves in a simUar 
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way: the effectiveness of shock in the conditioning process vanes 
with the subject’s sensitivit}' to it Holding tlie physical intensity of 
tiie shock constant from trial to trial does not insure constant rein- 
forcement. Under some conditions, it is necessarj' to increase the 
intensity of tlie shock in order to maintain the response at a constant 
level; under otlier conditions, tlie shock must be decreased in in- 
tensity. Thus, tivo factors which lead to changes in tlie effectiveness 
of shock are habituation to die punishment and clianges in skin 
resistance (perspiration). These two factors may work in opposite 



Fig. so. A Simplified Diagram of the Condi- 
tioned Response. In the course of conditioning Sj 
(CS) comes to evoke (UR). 


directions. Furtlienuore, indiiidual differences among subjects are 
so great that tliey need to be taken carefully into account. 

Control of die Time Inten^al Betiveen CS and US. The im- 
portance of tliis factor has already been emphasized. It leads to a 
special problem in one form of instrumental training: avoidance 
conditioning. In tliis training procedure, the situation is so arranged 
that tlie CR enables the subject to avoid punishment. Thus, a sub- 
ject may avoid the shock by witlidiawing his hand a short time after 
presentation of a CS. The time inten'al between CS and US must 
be sufficiently long to allow for tlie latency of tlie CR. Clearly, it 
takes time for the CR to occur after the CS has been presented (as 
mucli or more time as is required for a wluntaiy' reaction). If the 
US follows the CS too quickly, tlie subject cannot ainid shock, and 
die purpose of die training procedure is defeated. 
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These are but a few of the problems of control which arise in 
conditioning experiments. They ser\'e to emphasize the delicate na- 
ture of the conditioning process and to point up the danger of 
portraying it in terms of a simple diagram as the one reproduced 
in Fig. 80. This diagram tells us, correctly enough, 4liat temporal 
pairing of stimuli is essential. It falls, however, to indicate the com- 
plex way in which many variables determine the establishment of 
aCR. 


ExPERISfENT XIX 
Conditioned Hand WmomAWAL 
The experiment which we shall now outline calls for the conditioning 
of human subjects. We have already emphasized the fact that athhidinal 
factors are of major importance in this type of situation. Whether or not 
the unconditioned responsa is partially under voluntary control, the sub- 
ject’s set to inhibit the response or to facilitate it affects the degree and 
persistence of conditioning It is always well to make the instrucbons 
explicit. The experimenter should not assume that his subject will take a 
"neutral set” if he does not instruct him. 

This experiment illustrates a special case of instrumental conditioning, 
viz., avoidance conditioning The term avoidance refers to the fact that 
the conditioned response leads to the avoidance of a noxious stimulus 
(electric shock) rather than to the presentation of a reward. 

Purpose. To condition the hand-withdrawal response of a human 
subject. The reinforcing stimulus is an electric shock, a stimulus which 
generally elicits withdrawal responses in human subjects. The subject is 
to learn to avoid the shcxrk by withdrawing his hand at a signal which 
precedes the noxious stimulus. Hand 'vithdrawaJ, therefore, is the re- 
sponse instrumental in the avoidance of pain 
Appof^t^** "The experiment requires (1) a source of electric 
shock; (2) a relatively neutral stimulus, such as a buzzer, which serves 
ns the CS, (3) a device for presentation of the stimuli in a fixed temporal 
sequence; and, if possible, (4) an instrument for recording the with- 
drawal movement. 

1. Source of electric shock. Any device which will deliver a controllable 
electric shock to the subject can be used The maximum electric shock 
which this instrument can delicer should not be of injurious intensity 
A typical source of shock consists of dry cells, an inductorium, and a 
pair of electrodes. Fig 81 shows a schematic diagram. An alternative 
source of shock may be obtained from a condenser discharge. The 
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electrodes consist of two plates’ of polished metal, e.g., brass. A con- 
venient size for tire larger electrode is 3 inches square; the smaller 
one may be about 1 inch square. The larger electrode is mounted so 
that the palm of the hand may rest comfortably on it. The other, 


BATTERY SWITCH 

ELECTRODES 

INDUCTORIUM 



Fig. 81. Schematic Diagram of an Electrical Circuit for Administra- 
tion of Electric Shock in Conditioned Hand-Withdrawal Experiments. 



SECONDARY OF INDUCTORIUM 

Fig. 82. This Figure Illustrates tire Position of the Subject’s Hand 
on the Electrodes in a Conditioned Hand- Withdrawal Experiment. (From 
J. B. Watson, Psychology from the standpoint of the behaviorist, 1919, 
p. 33, by permission of J. B. Lippincott Company.) 

smaller, electrode is mounted so that the ball of the middle finger may 
be placed against it. Fig. 82 illustrates how the hand is placed on 
the electrodes. Care should be exercised that all electrical connec- 
tions are firmly made. 

2. Conditioned stimulus. Any stimulus which does not itself elicit a 
hand-withdrawal response may be used as the CS. A buzzer may be 
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employed but care should be taken that it is not startling to the sub- 
ject. The click of a telegraph sounder, or a light, will serve equally 
\vell. 

3. Presentation of stimuli. A device is needed to present the stimuli in 
fixed temporal sequence. For example, a pendulum which in the 
course of its fall successively closes two Inp switches is adequate. 
A uniformly rotating disk may be used instead of a pendulum The 
timing device should, d possible, deliver the CS about 0.5 seconds 
before the US. Of course, if the interval is made much -shorter than 
0.5 seconds, the subject will not be able to avoid the shock. If no 
mechanical device for presentation of the stimuli is available, the 
experimenter can operate two manual sMtches in quick succession 
and achieve adequate results. 

4. Recording device. It is desirable to record on a polygraph or kymo- 
graph the occurrence of the stimuli and the responses It is not neces- 
sary for die purpose of this experiment to make a record of the exact 
time at which these events occur. Only the presence or absence of 
band withdrawal is critical. If such mechanic^ recording devices are 
not at band, the procedure may be altered somewhat. Since the US Is 
omitted on the test trials, the expenmenter may simply note whether 
or not the xvithdrawat response occurs. 

Procedure. The subject is seated comfortably at a table. The ex- 
perimenter demonstrates to him how to place palm ond middle finger on 
the two electrodes. The following instructions are then read 

“A series of electric shocks will be administered to you We need at 
first to determine what intensity of shock you can tolerate without 
serious discomfort. Place your hand on the electrode as demonstrated, 
and I shall gradually increase the intensity of the shock. Tell me when 
the shock is strong enough to cause your hand to withdraw auto- 
matically. Relax as well as you can and do not resist the impube to 
withdraw >'Our hand " 

In making this determination, it is important not to increase the in- 
tensity while a shock is being administered. Rather, a discrete series of 
shoeb is presented, each one more intense than the preceding one. After 
the determination, the experimenter continues ivith (he instructions: 

“We shall now proceed to the etperimental series Some of the 
shocks svill be preceded by a buzzer (light, or other CS). You are to 
withdraw your hand as soon as you f«l the electric shock. Replace 
your band on the metal plates immediately. This is not a test of your 
abihty to endure shock. Be sure, therefore, that you withdraw your 
hand when you feel tlie electric sliock. Sometimes, the electric shock 
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\vill not be preceded by the buzzer; at other times, the buzzer %vill not 
be followed by the electric shock. At no time should you try to force 
your hand to stay on the metal plates." 

After having read the instructions, the experimenter presents the series 
of stimuli. At first, the experimenter presents the buzzer alone a few 
times (say. six) in order to establish the neutrality of the buzzer rritli 
respect to the withdrawal response. The interval between stimuli should 
be varied slightly from trial to trial and should be about 15 seconds. The 
experimenter then presents the shock alone for about the same number of 
trials. This is followed by a second series of the CS by itself. Although 
buzzer and shock have never been paired, some subjects may already re- 
spond to the buzzer by hand withdrawal. If they do, there has been 
pseudo-conditioning which is probably due to the sensitizing effect of the 
shock. If pseudo-conditioning has taken place, the CS should be presented 
alone until the subject does not respond for several trials in succession. 
When the experimenter is certain that the subject is not responding to CS 
alone, he begins to pair buzzer rvith shock. The interval between pairs 
should again be about 15 seconds. As the experimenter continues to pair 
buzzer and shock, he intersperses test trials at irregular intervals. A test 
trial consists of the presentation of the CS alone. Probably about every 
sixth trial, there should be a test trial. However, in order to prevent the 
subject from expecting a test, these trials should be irregularly spaced. 
If possible, the paired presentations are continued until the subject 
reaches a predetermined criterion, say CR’s on five successive test trials. 

After such a criterion has been reached, the experimenter tries to ex- 
tinguish the response. For this purpose, he repeatedly presents the buzzer 
without shock. Again the procedure is continued until a predetermined 
criterion is reached, say, five successive failures to respond. 
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EXPERIMENTAL STUDY OF HmLYX LEARNING 

FOR over half a centun’, experimenters have pursued a patient 
SKirdi for the conditions of which the learners performance is a 
function, and for the most eSc5e.nl methods of measurement and 
anal\-sis. Thev have found the number of signiScant x-axiables large 
and the modes of interaction of these variables even more multiple 
and complex. The ever-groxxdng body of experimental data has led 
onlv verv slowlv to the emergence of broad generalirations and uni- 
Scation in terms of sx'stematic theor}\ There exists today a solid 
body of factual knowledge concerning the conditions which in£n- 
ence the speed and efBciency of x-erhd learning. comprehenav'e 
theon' of the processes mediating such le-aming is still in the maldng. 
In tins chapter, our main emph-asis will be on the espterimental 
analysis of significant v.rriables in verbal learning. Only occasionally 
shall we catA a glinrpse of a untbing theoretical trend. 

Methods of Practice 

Serial Learning. Much verbal learning is scvsl in nature. The 
material which tlie learner must master consists of a series of items— 
nonsense sx'llablcs. nonsense consonants, dibits, meaningful words. 
.At the beginning of the experiment, the subject mav or mav not be 
acquainted with tlie indhidual items. Meaningful words and num- 
bers are pari of his daily repertory; most of the nonsense materials 
will probably be new to him, AA hatever his acquaintance uith the 
component items, his specific task is to connect them avith each 
other, to form ascsociations among them so that the disjointed parts 
come to fomi an organized pattern. Memorizing a list of nonsense 
s\ Babies, a prose passage, or stanzas of poetrx' are all examples of 
serial learning. In the case of prose and poetrv, the series is charac- 
terized by meaning, but in the case of nonsense ss-llables, the total 
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series has little more meaning than each component part. In both 
cases, however, learning depends on the formation of associations 
among the members of the series * Much of the study of verbal 
learning, therefore, is concerned with the conditions leading to as- 
sociations among the members of a series. 

The members of a series arc associated \vith each other as a 
result of practice. Several metliods of stimulus presentation and 
practice have been developed in experiments on serial learning. 

Tlie IMethod of Complete Presentation. The total series is 
presented to the subject, and he is allowed to read it and explore it 
at his own speed. A time h’mtt is usually set, but within the allotted 
time the learner’s behavior is not controlled and he is free to linger 
over some parts, slap lightly over others. Nor can the experimenter 


information about Jthc ways in which the subject attached his task 
or about the temporal course of his learning. The mam advantage 
of the method of complete presentation is its similarity to practical 
learning situations When we study a lesson or prepare for an ex- 
amination, the procedure which we use often closely resembles the 
method of complete presentatfoo. 

The Anticipation Method. The members of the series are pre- 
sented one by one, at a regular rate, usually through the window of 
a memory drum. The full series is presented once, and thereafter 
the subject is instructed to anlicipate each item before it appears. 
Tlie correct item is presented whether or not the subject has at- 
tempted to anticipate it. If he does attempt an anticipation, the ap- 
pearance of the correct item senses to verify or correct his response. 
If he fails to anticipate, he is prompted by the presentation of the 
correct item. Thus, each presentation of the series is both a leanung 
trial and a test of retention. This procedure is usually continued 
until the subject has reached the enterion set by the experimenter. 
Afore often than not Ais enterion calls lor one erroriess series of 
anticipations, but more exacting criteria, such as three successive 

r We remiod the reader of the purely desenntive sense In which the term 
ossocUtion is used The term does not connote tne formation of neural connec- 
tions or similar explanatory hypotheses. 
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errorless series of anticipations, are sometimes used. The greatest 
advantage of the method of anticipation is that it allows the ex- 
perimenter to obtain a full picture of the temporal course of learn- 
ing, both for the series as a whole and for each individual item. We 
can see at what point any given item is correctly anticipated for 
the first time and how stable the retention for the item is, i.e., how 
often it is learned, forgotten, and relearned. We can gauge the 
amount of improvement which results from a test trial at various 
stages of learning. The method is ideally suited for the study of 
serial learning, for it is in terms of their serial position that the sub- 
ject must connect the items with each other. 

The Method of Paired Associates. Anyone who has tried to 
memorize a fist of foreign words and their English equivalents is 
familiar with this method. On the first trial, paired items ( e.g., bvo 
nonsense s)’llables, a syllable and a number, two meaningful words, 
or a meaningful word and a number) are presented to the subject. 
On all subsequent trials, the first member of the pair is presented to 
tlie subject, and he attempts to recall the second. The subject is 
given a limited amount of time in which to supply the missing mem- 
ber of the pair, after which the correct item is presented to him. 
The method thus is a special case of the method of anticipation, and 
again each trial is both a learning trial and a test of retention. Again, 
the temporal course of learning can be followed in detail. The em- 
phasis here is on connection between the members of a pair (each of 
which may be considered a series of hvo items) rather than on the 
connection of a long series of individual items. It is customary, there- 
fore, to present the pairs in a different random order on each trial 
in order to prevent the subject from learning the second members 
of the pairs as a series of responses independent of the first members. 

The three methods discussed here represent the basic procedures 
used in the practice of verbal materials. They are used for serial 
learning as well as for learning that is not primarily serial in nature. 
In experimental practice, departmes from these standard models 
are frequently introduced, and features of several methods may be 
combined in order to find the ans^ver to a particular problem. As in 
the case of psychophysical methods (see pp. 14 - 15 ), these pro- 
cedures must not be considered as cut and dried, inflexible pre- 
scriptions but rather as models which the experimenter is free to 
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vary and adapt according to his seeds. Two aspects of the procedure 
which are often varied are the order of presentation of the stimulus 
items and the criterion to whidi learning is carried. 

Uniform vs. Random Order of Presentation. On the practice 
trials, the items of the series may be presented either in uniform or 
in random order. If the order is uniform, the sequence of items re- 
mains unchanged from trial to trial. If the order is random, an en- 
tirely different sequence is used on every trial. The subjects task and 
the learning process are radically aifected by the order of presenta- 
tion. If the order is uniform, the subjects effort is directed toward.; 
learning the items in their proper serial order, and the strength of 
association among the various items will depend largely on their 
distance from ea^ other in the series. If the order is random, the 
learner must put his main emphasis on the items themselves, often 
disregarding serial position in any particular trial. As we have seen, 
the method of anticipation necessarily implies a uniform order of 
presentation; the method of paired associates favors a random order 
of pairs. Either order may be used with the method of complete pres- 
entation. In designing an experiment, we must always ask whether 
we are interested in studying the effects of serial position on the 
learning of the individual items or whether we ^vish to eliminate the 
effects of position in order to study another variable independently 
of such effects. For example, if we xvere concerned 'rilh the ques- 
tion of whether “emotionar words are learned more or less rapidly 
than “neutral” ones, we would present the items in random order 
and in this way equalize the effects of serial position for both types 
of items. On the other band, if we wish to compare the ease of 
learning items located at the beginning, center, and end of a list, 
we would keep the order of presentab'on constant from trial to trial. 

Criterion to ^Vhich Learning Is Carried. The period of prac- 
tice in a learning experiment may be extended indefinitely. There is 
no one point at which it would be possible to state with any assur- 
ance that learning has ceased. Even after a learner has mastered a 
list of items-i.e., when he is able to recite it without error-he 
may benefit from further practice. His performance may become 
smoother, more automatic. The more he practices the h’st, the less t 
quickly will he forget it. Since die period of learning and im- 
provement is indefinite, it is necessary to dedde, for a given experi- 
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ment, on a criterion of performance to which learning is to be 
carried. One frequently used criterion, which we have already men- 
tioned, is complete mastery, i.e., one errorless recall of the material. 
If practice is continued beyond that point to, say, three or five 
errorless repetitions, overlearning takes place. It would be difBcult 
to state a general rule concerning the best criterion in an experiment 
on verbal learning. The optimal criterion will vary from experiment 
to experiment. In many experiments, the criterion of complete mas- 
tery' has been found useful, but less exacting criteria, such as cor- 
rect repetitions of 75 percent of the items, have also been used suc- 
cessfully. If degree of learning is one of the independent variables, 
several criteria may be used within one experimental design. 

Instead of carrying learning to a criterion, it is possible to prac- 
tice the material for a fixed number of trials and then test for 
retention. Such a procedure may often save time, especially in the 
performance of group ex-periments. It has, however, one serious 
disadvantage. At the end of a filxed ntunber of trials, there will be 
considerable variability in the degree of mastery achieved by indi- 
ridual learners. Diffeiences in learning ability are appreciable, even 
among subjects with fairly homogeneous educational and social 
backgrounds. Thus, with a constant amount of practice, the amount 
of learning is far from constant from subject to subject Generaliza- 
tion about the effects of experimental variables becomes difficult 
when individual differences in strength of learning are uncontrolled. 
If all subjects are carried to the same criterion, their results become 
more comparable. 

Xlastery, as revealed by the abihly to reproduce the material, pro- 
rides, of course, only one of several possible criteria of learning, al- 
though it is the one most frequently used. Other criteria may be set, 
e.g., the abiht)' to recognize a certain percentage of items correctly, 
or a minimum speed of performance. The choice of criterion de- 
pends on the particular method used to measure the strength of 
learning. 


The Basic Variables in Learning Experiments 
In any e.xperimental situation, the learner’s performance (however 
mea^red) is a joint function of many conditions. As we have em- 
phasized, one of the most striking facts revealed by investigations 
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in this field is the multiplicity and complexity of the variables which 
significantly influence learning. To evaluate the effects of these vari* 
ables, it is desirable to vary one or a fesv at a time, holding all other 
relevant factors as constant as possible. Three important sets of 
variables have been investigated under conditions of controlled ex- 
perimentation: (1) the nature of the materials or activities learned; 

(2) the conditions of practice under which learning takes place; and 

(3) the personal characteristics of the subjects, such as their age, 
sex, and intelligence. Measurable performance depends on wliat is 
learned, how it is learned, and who learns it. We shall briefly sum- 
marize the most important methodological and experiment^ find- 
ings under each of these three headings. 


PEnrORMANCE AS A FUNCTION OF ^VHAT Is LeARNED 

There are few human activities which do not benefit from learn- 
ing, but the effects are by no means uniform for all activities. Dif- 
ferent activities are learned at different rates. Optimal condib'ons of 
practice also vary from activity to activity. From the large amount 
of Information bearing on the problem of learning as a function of 
what is learned, we shall select a few generalizahons concerning 
verbal materials. 

Dimensional Analysis. Verbal materials may differ from each 
other in many ways. A systematic comparison of such materials can 
best be carried out through dimensional analysis * We must begin 
by stating the characteristics or dimensions, with respect to which 
verbal materials vary from each other. Two sets of verbal ma- 
terials may differ in one characteristic or dimension and be alike 
in another or, as frequently as not, they may differ from each 
other in several dimensions. The effect of variation m each of 
the dimensions can then be studied, holding constant (experimen- 
tally and/or statistically) variations in other dimensions. We shall 
consider three dimensions of variation in verbal material which have 
been isolated expenmentally: (I) meaningfulness, (2) affectivity, 
and (3) amount. 


2 The need for danensiotial analysis was stressed by J A McGeoch, The 
psucholosy of human learning. New York. Longmans. Green and Co. 19-i2. 

treatise contains a most thorough and comprehensne analysis ot Uie 
determinants of htaman learning. 
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The Dimension of Meaning. Verbal materials may or may not 
have standard dictionary meaning. As we have seen, the nonsense 
syllable was invented with the express purpose of eliminating mean- 
ing in order to study “pure” learning and retention, unencumbered 
by uncontrolled associations introduced by meaning. It is now clear 
that meaning is a question of degree. Few nonsense items are com- 
pletely meaningless, and even if they lack meaning at the beginning 
of an experiment, the subject soon succeeds in making them more 
or less meaningful by invoking associations and similarities, how- 
ever far-fetched and remote. The advantage of nonsense materials 
lies primarily in the fact that they allow the use of materials of 
fairly uniform difficulty. A list of nonsense syllables can be con- 
stmcted so that its members are reasonably equal in difficulty and 
susceptibility to meaningful associations. Individual subjects, more- 
over, may be assumed to have fairly equal degrees of acquaintance 
with nonsense material (provided previous service in learning ex- 
periments is held constant), whereas experience with meaningful 
words varies much more widely from individual to individual. 

The difference in degree of meaning between nonsense materials 
and standard dictionary words is reflected in the speed with which 
words are learned. There is general agreement that meaningful items 
are learned significantly faster than nonsense materials. This gen- 
eralization holds whether the nonsense materials be syDables, con- 
sonants, or groups of digits, and the meaningful materials be discrete 
words, prose passages, or stanzas of poetry. 

Within the two broad classes of nonsense and meaningful mate- 
rials, individual items vary continuously in degree of meaning. Some 
nonsense words suggest meanings and associations more readily 
than others (cf. p. 279). Other things being equal, the greater the 

association value of a nonsense item, i.e., the more frequently it 
reminds subjects of meaningful words, the more quickly it is learned. 
Meaningful materials themselves vary in degree of meaning and 
consequently in ease of learning. A series of discrete words is 
learned more slowly than a connected passage. A prose passage, in 
turn, is likely to be learned less quickly than a comparable amount 
of poetry which has the additional advantage of rhyme and rhythm. 

Meaning^ facilitates learning because it makes it easier to connect 
individual items \vith each other, to bring to bear on the new learn- 
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ing taslc previous learning and previous experience. Especially with 
serial materials, rate of learning depends largely on the ease with 
which the subject can organize and group the items. Meaning is an 
important aid in achieving such organization. 

The Dimension of AifectivUy. Meaning facilitates learning by 
allowing the subject to utilize past learning in the formation of new 
associations. The kinds of past experiences which may function in 
the acquisition of new materials are, of course, many and varied. 
Past experience with the learning material may, for example, be 
characterized by differences in affecbvity or “emotional tone." Mean- 
ingful words may be pleasant, unpleasant, or neutral, being asso- 
ciated to varying degrees with emotional experiences in the past 
There have been many studies of rote learning as a function of the 
affective characteristics of the material. The results have not alwa^’s 
been univocal, but, in general, pleasant stimulus items have sbo\vn 
quickest learning, with unpleasant and neutral ones following in 
that order. A serious methodological problem is the diiBculty of 
arriving at valid independent classifications of learning materials as 
pleasant, unpleasant, and neutral. A priori classifications merely re- 
flect the experimenter’s judgment and may have little or no validity 
for some of his subjects. Frequently, experimenters have asked the 
subjects themselves to judge the materials some time before or after 
learning. As far as the subjects' judgments are reliable and valid, 
they may legitimately be used in studying the correlation between 
affectivity and rate of learning. Affective judgments, however, are 
difficult to validate (cf. p. 231). Because of the very fact that emo- 
tional responses are involved, the subject himself may be a poor 
judge of the affective nature of the material. Affectivity is not a 
vanable which can be easily measured or varied expenmentally. 

The dimension of affectivity is not limited to pleasantness-unpleas- 
antness. Verbal material may evoke a variety of attitudes in the 
learner, and such attitudes may be significant determinants of the 
rate of learning. It has been shown, for example, that materials 
congruent with the learners political preferences may be learned 
more quickly and forgotten more slowly than materials to which he 
is opposed In other experiments, sex differences in learning per- 
formance have been traced to differences in altitude or interest in 
the material learned. Findings such as these do not as yet have the 
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status of well-established generalizations, for the study of learning 
in relation to attitudes and interests is still very much m its begin- 
nings This area of investigation is, however, of great potential sig- 
nificance because it helps to extend the horizon of learning experi- 
ments to problems of social psychology and personaKty. 



Fig. 83. The Effect of Length of List on 
Difficulty of Learning. In this figure, the amount of 
time required to leam a list of nonsense syllables 
is plotted against the number of syllables in the list. 

Clearly, the longer the list, the longer it takes to 
leam it. In addition, the relationship is not linear, 
i.e., the longer the list, the more time is required per 
item learned. (From J. A. McGeoch, The psychology 
of human learning, 1942, p. 178, by permission of 
Longmans, Green & Co., Inc. After D. O. Lyon, 

Memory and the learning process, 1917, by per- 
mission of Wanvick & York, Inc.) 

The Dimension of Amount Learned. Whatever the nature of 
the individual items in a learning task, the learner must establish 
connections among tliem, group them, and organize them so that he 
may finally perform the whole task (or meet some other criterion 
set by the e.\-perimenter). Amount to be learned is one of the dimen- 
sions along which verbal materials vary, quite apart from their spe- 
cific nature. How is rate of learning affected by the magnitude of 
tlie subjects total task? As far as sheer amount of time to reach 
criterion is concerned, a long task must necessarily take more time 
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'than a short one. If the items are presented or read at a constant 
speed, each presentation of a long list will occupy more time than 
that of a short list. We may further ask, however, whether the 
amotmt of time per item teamed remains constant or changes as the 
length of a task is varied. The experimental evidence clearly shows 
that the amount of time per item does become greater as the length 
of the leamirig task is increased. Fig. 83 illustrates this point. As tlie 
number of syllables in a list increases, the total time needed to leam 
them increases disproportionately. The cur\’e is not a straight line 
but shows positive acceleration. The longer the list, the longer we 
have to spend on each item in order to reach a fixed criterion such 
as complete mastery. Although ,lhe relationship depicted in Fig. 83 
is clearly not linear, the amount of positive acceleraf/on is not very 
great. Over a wide range, the cprve closely approximates a straight 
line. The disproportionate increase in time per list becomes really 
serious only when the list exceeds 200 items. 

Disproportionate increases m learning time with increased 
amounts of material have been found with a variety of activities 
and materials, and the relationship may be considered a general one. 
The degree of disproportionallly may, however, vary from one 
learning situation to another. Sheer rote learning shows the effect 
to a greater extent than does Teaming for understanding.” For 
practiced subjects, a longer task means .less of an increase in diiB- 
culty than for untrained ones. Variations such as these suggest that 
the increase in lime per item is due to the fact that the learner finds 
it more and more difficult to group or organize his responses as the 
amount of material becomes larger and larger In a Jong bst, the 
individual items are apt to interfere with each other, increasing the 
number of incorrect associations. We should expect this effect to 
be most serious in rote learning where the exact sequence of the 
individual items is important. An experienced learner will be more 
skillful than an untrained subject in overcoming such interference 
effects and in using various aids in organizing and grouping the 
material. 

The Effects of Serial Position 

The Serial-Position Curve. When a list of items is learned in 
a definite order (e.g., by the anb'cipation method), the speed with 
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whicli any given member of the series is learned varies with its post- 
tion in the series. In general, the first item in the series is learned 
fastest; thereafter, speed of learning decreases as a function of 
serial position, reaches a minimum near the middle of the series, 


CC 



Fig. 84. A Set of Serial Position Curves. The 
number of correct anticipations per trial is plotted 
against the position of the syllable in the list. The 
numbers on the cur\’es refer to the criterion met by 
the subject on the trial for which the curve is 
plotted. In the early stages of learning there is a 
striking sag toward the center of the list. As learning 
approaches completion, the curve necessarily levels 
out more and more. (From J. A. McGeoch, The 
psychology of human learning, 1942, p. 98, by per- 
mission of Longmans, Green & Co., Inc. After L. B. 

Ward, Reminiscence and rote learning, Psychol 
Monogr,, 1937, 49, No. 220, p. 35, by permission of 
the journal and the American Psychological Associa- 
tion.) 

and then rises again. The last item is learned considerably faster 
tlian the middle ones though usually not as well as the first one. 
Fig. 84 shows a set of typical, “bow-shaped,” serial-position cur\'es. 
In Fig. 84, the mean number of correct anticipations per trial is 
plotted against die serial position of the item. As these curves show, 
the effects of serial position are greatest in die early stages of prac- 
tice. When only three or five successful anticipations are made on 
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a given trial, only a very small proportion of the correct responses 
occurs in the middle part of the list. As learning progresses, more 
and more of the items in the middle of the list are learned, and, as 
a result, the differences among the serial positions diminish and the 
curve is flattened out. If learning is carried to a criterion of full mas- 
tery, the curve for the final trial is, by definition, a straight line, since 
all the items are recalled correctly on the critenon trial. There are, 
however, always more failures in the middle positions than at the 
ends of the series before mastery is reached. 

Intraserial Associations. The effects of serial position are fre- 
quently ascribed to the action of remote associations. ^Vhen a series 



Fic. 85. Immediate and Remote Associations 
Formed Between the Items in a Learning Senes. 

The letters A through C represent items in the list, 
e.g., nonsense syllables. The heavy arrows denote 
immedLite associations. The dotted arrows represent 
remote associations. (From ). A. McCcoch, The 
pstjcholopj of /luman learning, 19-12, p. 70, by per- 
mission of Longmans, Green & Co., Inc.) 

of items is learned, associations are formed not only beriveen ad- 
jacent members of the list but ako among items which are more 
than one step removed from each other Such associations are called 
remote. Remote associations may be in the fonvard or baclcn-ard 
direction. Before attempting an explanation of senal-position effects, 
let us consider the nature of sudi remote associations. 

Consider Fig. 85. The letters A through G represent items in a 
list. The heavy arrows represent associations formed behveen ad- 
jacent items, the dotted arrows represent remote associations. As the 
subject practices the list, he not only connects A with B, B with 
C and so on, but also A with C, A with D, E with A, G with D, and 
so^ on. Back^vard remote associations are much less frequent than 
forward ones. The existence of remote associations has been inferred 
from a variety of experimental data. The method of derived lists has 
provided one of the main lines of evidence. After the subject has 
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learned the list, we can reshuffle the items (for example, in the 
order A C E G B D F) and have the subject learn the new 
sequence. He will learn the new or “derived” list faster than the 
original list. The fact that he learns the derived list faster suggests 
that remote associations were formed during tlie original learning 
which facilitated mastery of the new task. 

Evidence for tlie formation of remote associations also comes 
from an analysis of the errors which the subject makes while prac- 
ticing a list of items. Not infrequently we note “anticipatory” errors. 
In recalling the items, the subject will sometimes skip one or more 
intermediate steps and connect remote items with each other. Thus, 
after recalling A, he may reproduce C or D, or even E, F, or G. Such 
errors are called anticipatory because the items reproduced, though 
correct, are given too early in the sequence. Without postulating 
remote associations, such errors would be difficult to explain. While 
anticipator)' errors may be ascribed to remote associations in the 
forward direction, “perseverative” errors may be due to remote asso- 
ciations in the backward direction. A perseverative error occurs when 
a previous correct response is repeated later on in the series. For 
example, C may be correctly recalled following B, and then be re- 
peated following E. In general, the further two items are separated 
from each other, the less likely are they to be connected by an- 
ticipatory or perseverative error. Both anticipatory and persevera- 
tive errors decrease, of course, as learning progresses toward the 
criterion. Progress of learning is thus characterized by the decrease 
in inhibition due to remote associations, and the strengthening of 
immediate associations. 

The effects of serial position can be ascribed to the action of 
remote associations. Let us consider only remote forward associa- 
tions which independent evidence shows to be much more frequent 
and much stronger than backward ones. As the series is practiced, a 
large number of such remote associations is formed. As Fig. 86 
shows, the number of remote associations spanning a gioen item 
depends on its serial position. More remote forward associations 
span items in the middle of the series than items toward the 
ends of the series. We have seen that reaching a criterion of com- 
plete mastery (say, by the method of anticipation) depends on 
strengthening of the immediate associafabns relative to the remote 
associations, for only on tliis condition can tlie serial order be re- 
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produced correctly. Since the items in the middle of the series are 
spanned by the largest number of remote assodations, such items 
will be subject to the greatest amount of inhibition in the course of 
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Frc. 86. A Schematic Diagram Showing the Im- 
mediate and Remote Assoaations WTiich Are Be- 
lieved to Span the Items in a Learning Series. The 
broken arrows represent associations behveen 
adjacent items. The curved arrows represent remote 
forward associations. The numbers under the non- 
sense syllables indicate the number of forward 
remote associatioru presumably spanning that item. 

The Items in the middle of the list are spanned by 
the largest number of associations. (From A. 
hfeCeo^, The pi\/chohgy of human leotmng, 1942, 
p. 109, by permission of Longmans, Green & Co., 

Inc. After C. L Hull, The conilicling psychologies 
of learning— a way out, Psychol Rev , 1935, 42 502, 
by permission of (he journal and the American Psy- 
chological Association.) 

practice, and it will take a relatively long time to overcome such in- 
hibition and to strengthen immediate associations sufBcicntly. Thus, 
serial-position efiects may be ascribed to the inhibitory action of 
remote associations which must be overcome before complete mas- 
tery can be obtained. 

In our discussion, we have been speaking of “remote" associa- 
tions. Remoteness should be undentood to refer only to position in 
the series. In the last arulysis, remote associations may turn out to 
be no less immediate than associations between adjacent items in 
the series. Whatever neural counterparts the perception of a syllable 
has, they probably persist for a small finite period of time after 
the* syllable has been presented, and it is this persisting “trace” 
which may immediately be associated with a remote item. Thus, 
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turning to Fig. 86, the aftereffect or trace of KEM may still be 
active when ZIT is presented. Thus, the trace of KEM is associated 
with ZIT, and a remote association is formed. Such speculations 
serve to emphasize that immediate and remote associations are 
probably not qualitatively different. 

Performance as a Function of How 
Learning Proceeds 

No matter what the material or activity learned, the speed and 
efficiency of the subject’s performance are greatly inflilenced by the 
conditions under which he practices, his motivation, and his mode 
of attack. In this section we shall consider a selected group of con- 
ditions of practice which significantly influence the learners per- 
formance. 

Set and Motivation 

In the experimental analysis of verbal learning, no less than in 
the analysis of all other behavior, the problem of motivation must 
be considered. There is a twofold problem here: (1) witli what 
motivation does the learner approach his task; and (2) how do 
changes in his motivation, his successes and failures, affect the 
progress of his learning? Turning to the first of these problems, we 
find that the primary motivational condition is the subject’s intent 
to learn. 

Intent to Learn. When a subject comes to the laboratory to 
participate in a learning experiment, he comes with the intent to 
learn. The motivation for this behavior is complex and its nature 
usually has not been investigated. Curiosity, interest in the subject 
matter, and the desire to please the experimenter (or the need to 
placate him if he happens to be an instructor) all play a part. It 
is the intent to learn which constitutes the crucial difference be- 
t\veen passive exposure to stimulus objects and the active effort 
of a learner. Without intent to learn, little learning takes place. We 
may be exposed to stimuli literally hundreds of times and fail to 
learn them or leam them very poorly if we never had the intention 
to remember them.^ In most experiments on verbal learning, it is 

IcM^g problem later, under the heading of incidental 
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sufficient to instruct the subject in order to create in him adequate 
motivation or intention to learn. The experimenter worVung \vith 
human learners is, in this regard, more fortunate than the animal 
psj'chologist who has to use hunger, tliirsl, and shock to create 
the proper motivation in his subjects. 

The Role of Set. Intent to team is often described as a set to 
learn. Though widely used in experimental psychology, the concept 
of set has sometimes lacked clear definition. In its broadest sense, 
set denotes a readiness to respond to stimulus objects in a selective 
way, to respond to some objects and specific characteristics rather 
than others. By its set, the organism is selectively tuned to events 
in the environment. Thus, in reading a prose passage, our set may 
lead us to read it for understanding, for aestlietic enjoyment, or 
for the purpose of reproducing it verbatim. Frequently two or more 
such sets may be operati\‘e at the same time. 

In addition to the general set to learn, the subject usually has a 
more specific set toward the material or activity which he prac* 
tlces. He may be set to learn a series of items in their exact sequence, 
to learn them without regard to sequence so as to be able to recog- 
nize them later, or to learn simply with a view to answering 
questions about the content of the material. Usually this specific 
set is established by instructions and the nature of the experimental 
procedure. In the method of anliapation, for example, instructions 
focus the subject’s attention on the serial order of the Items, and 
the procedure of exposing tlie items on a memory drum and requir- 
ing the subject to name them before they appear strengthens the 
set for serial association. 

Learning proceeds with greatest efficiency if the subject’s set is 
sharply focused on that aspect of the material In terms of which 
learning is defined and measured. In serial learning, a sustained 
set for serial posib'on is important; in learning for recognition, an 
equally sustained set for the “content” of the material, quite apart 
from the sequence in which it is presented, is desirable. Sets an? 
selective in what they emphasize and also in what they cxclu^ 

In experiments on verbal learning, sets arc usually csfablidi« 
by the experimenter s instructions to the subject. It would ^ 
gerous to assume, however, that in the absence of specific 
tions tlie subject operates without any set Sets ore not 
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result of instructions; they often represent v-cll-established habits 
of perceiving and responding. We rarely read, for example, xs itb a 
completely passive attitude. Whether or not we have been so in- 
structed, we are set to understand and perhaps to reproduce xvhat 
we have read. Instmctions do not, then, impose a set on an otlrer- 
wise “setlcs.s'’ organism; mthcr, they control and specify the set. 

Incidental Learning. It is precisely because sets to leani seem 
to be ubiquitous, even in the .absenee of specific instructions, that 
“incidental Icanung" is -so difiicult to interpret. Learning which oc- 
curs without specific instmctions to learn has often been desipiated 
as iucidculat In a t^-pical experiment on incidental Icann'ng, the 
subject may be instmeted to learn a list of words printed on a sheet 
of paper and mav then be tested for his menioiy of such physical 
details as the color of the paper, designs on the margin of tire sheet, 
etc. Since he was not specifically instructed to leani tliese physical 
details, whatever memorj' he shows for them is considered inci- 
dental. Various other procedures have been used to test incidental 
learning, but they all have two conditions in common: (1) tlie 
materials must be presented in such a way that the sense organs .are 
stimulated by the incidental items; and (2) tlie subject is not in- 
slmcted to leani these items and his attention is directed to other 
parts or characteristics of tlie niateri.al. 

The e.\'perimcntal evidence is clear: incidental le.aniing does tahe 
place although pcrfonnance is never so good as under instmctions 
to Ic.arn. The occurrence of so-called incidental leaniing, however, 
does not prove that leaming c.an ever take place in the absence of a 
set to leani. Subjects may instmet tlicmselves to le.am even when 
the experimenter fails to do so, and there is good en’dence tliat tliey, 
in fact, do so, circumscribed set suggested bi’’ Uie experimenter's 
instniclion may be g'^.'ieralizcd to other incidental items not covered 
by the instmctions. Especially in an experimental situation, in which 
a subject is alert and motivated to respond actively to the task be- 
fore him. generalization of a learning set to extraneous features of 
the situation may easily take placer The weight of the evidence 
points to the conclusion that leaniing is never tnilv incidenhal in 
tlie sense of being undclcnnined or haphazard. 

Let us now consider motivational changes wliidi take place in 



STUDr OF HUMAN LEARNING 329 

the course of th< ‘ ' ■ ; • ' ’ ■ of successes 

(rewards) and f . • 

The Effects c* ( , subject in an 

anticipation experiment. He tries to pronounce a series of noasense 
^llables before they appear in the window of the memoiy drum. 
As soon as he has made his anticipation, the correct syllable appears. 
Sometimes his anticipation proves right, but frequently it is wrong, 
especially in the early stages of learning. If his anticipation was 
correct, he is more likely than not to repeat it on the next trial. If 
his anticipation was wrong, he will probably not repeat it on the 
next trial and eventually make the correct response. Success and 
failure are extremely important determinants of progressive changes 
in behavior. This is true for verbal learning as well as for much 
other learning, both of animals and of human subjects. 

Successful responses are strengthened; unsuccessful ones are not 
and eventually drop out. Much of modern learning theory is based 
on this general prlnciplc—the principle of reinforcement* or law of 
effect." The principle has found its most striking demonstration fn 
animal experiments. If turning right m a maze leads to food while 
turning left docs not, a hungry animal will Icam to choose the right 
path whenever he is put in the choice situation. The successful re*^ 
spouse, i.e, the response leading to reinforcement is strengthened' 
at the expense of the response which fails to lead to reinforcement. 

Reiiiforcemenl by reward probably plays an important part in 
verbal learning but its demonstration has not always been easy. One 
particular experimental situabon has probably been used more 
than any other to show the efficacy of rewards. The procedure is 
essentially an adaptation of the method of paired associates. The 
experimenter presents a long list of words to the subject who is 
required to guess a number from one to ten in response to each of 
the words. *1110 e.xperimenter arbitrarily calls a few of these numbers 
“Eight" and fails to reward the others or calls them "Wrong." It 
has been shown again and again that the numbers called “Right" 
are learned faster (remembered better) than those which are not so 
reinforced. At the same time, ft was found that punishment by 
“\Vrong” is not an efiident means of eh'minaling false responses. 

* For further discussion of the principle of reinforcement, see Chapter 14. 
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Certainly, punishment by “Wrong” weakens a response niuch less 
than reward by “Right” strengthens it. An announcement of "Wrong” 
usually serves to make responses more variable but does not neces- 
sarily reduce the probabilitj' of repetition of the false response. 
Whatever influence punishment exerts is indirect: by making be- 
havior more variable, it increases the opportunity for the correct 
response to be given and strengthened by reward. 

The question has often been raised whether announcements of 
“Right” and "Wrong” can legitimately be considered rewards and 
punishments. Are they not simply ways of conveying information 
to the subject? The question is difllcult to answer and largely a 
matter of definition. The important thing is that the consequences 
of a response (announcement of "Right” or “Wrong”) significantly 
influence further responses. 

In verbal learning experiments, reinforcement (reward) need 
not necessarily originate with the e.xperimenter. The learning situa- 
tion itself may be a source of reinforcements. Anticipating a .//liable 
correctly and in time and reciting a list without error are reinforc- 
ing states of affairs even if no announcement of “Right” or other 
approval comes from the experimenter. The quick modification of 
responses and the selective elimination of errors which are so char- 
acteristic of verbal learning greatly favor an explanation of the 
learning in terms of reinforcement, 

Knorvledge of Results and Active Recitation. Continuous 
with the effects of success and failure is the influence which knowl- 
edge of results e.vercises on learning performance. If the subject is 
kept informed of his progress— e.g., if he is given his score on suc- 
cessi\'e trials— his learning is faster and better than if he is kept in 
ignorance of tire results throughout the practice period; Knowledge 
of results probably serves a double purpose: (1) it serv'es as 

reward and punishment,” especially in relation to the goals 
which Ae subject sets for himself; and (2) it serves to guide the 
learners efforts, enabling him to evaluate die efficiency of his attack 
on the problem by the results which he achieves. 

^ Even if no information is supplied by the experimenter, the sub- 
ject can achieve at least some knowledge of results by active recita- 
tion of the material. He can readily discover how far he is still from 
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his goal, where his strength and his weakness are. Active redlation 
during practice, supplemented by prompting, has been shoum ex, 
perimentally to be a most effective* method of practice. The earlier 
active recitation is introduced, the faster and the more efficient is 
the course of learning. It is efficient to allot a considerable pro- 
portion of the total learning time to active recitation, even as much 
as 4/5 of the total practice period. As we has e seen, recitation pro- 
vides knowledge of results and helps to direct the learners efforts. 
In addition, active recitation is a most suitable method of practice 
in relation to the learners goal. The learner is striving to acquire 
new responses and response patterns. The earlier he actually at- 
tempts to perform these responses by active recitation, the more 
directly does he drive at his eventual goal 

Distrihufion of IVorfc 

Speed and efficiency of learning depend not only on the nature 
of Ae activity and the subject’s motuation but also on his work 
methods or modes of attack on the problem We are dealing here 
with the same type of problem that you know under the heading of 
“study habits.“ What is the best way to go about learning material 
for a test? It is necessary to state at the outset that there is no 
simple, all-purpose ans\ver to this question The psychologist must 
sound the familiar warning that optimal metliods of practice vary 
from situation to situation and, indeed, from individual to indi- 
vidual. On the basis of available experimental evidence, certain 
generalizations can nevertheless be made. 

Whole vs. Part Methods of Study. \Vhenever the material to 
be learned consists of a senes of items, it may be practiced either 
as a whole or in separate parts. In memorizing a poem, for e.xample, 
one may try to practice the whole poem or break it up into stanzas. 
Practice may be by the whole method or the part method. 

A great deal of experimental work has been devoted to an e\*alua- 
lioD of whole vs. part methods of practice, and the results have not 
always been free of contradiction. Superior efficiency has been 
claimed for each of the vanous methods. These contradictions are 
probably due to the fact that neither length nor nature of the mate- 
rials has been standardized, which makes comparison of different 
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experiments difficult, if not impossible. The bmance of the e%adence, 
however, favors lire whole method, espedally for practiced learners 
and meaningful materials. 

A consideration of the time relationships inwlved may help to 
explain the frequent superiorih’ of tlie whole method and also some 
of its failures to surpass the part method. We already Imow that 
time-per-item increases uith increases in amount of material. Time- 
per-item will, therefore, generally be less when tlie part method is 
used. However, once tlie separate parts are learned, a considerable 
amount of time must be spent combining tlie parts into a whole, 
and the advantage of shorter lime-per-unit, inherent in the part 
metliod, may be lost. Such is indeed frequently, but not always, 
the case. 

Comparison of the whole and part methods involves more than 
tlie algebraic sums of the times spent in learning by flie two pro- 
cedures. They represent different ways of organizing tlie material. 
If learning is by the whole method, iffie total pattern of the task is 
before the learner at all times, and indhndual parts are gradually 
fitted in. If learning is by the part method, die organization of the 
total pattern of responses is delayed. 

The more closely organized and meaningful the material is, the 
more important it becomes to apprehend the total pattern at an 
early stage of die learning. It has, indeed, been frequentlv found 
that the whole method is especiallv suitable for comple.x and mean- 
ingful materials. Conversely, the part mediod, whidi allows the 
learner to concentrate on a few specific responses at a time, has 
sometimes proved superior in die rote leaniinsi of disparate items. 

It is not surprising that the whole method 'S'ields its best results 
uadi experienced learners. Practiced subjects are more skillful at 
handling large amounts of material and organizing diem. Thev also 
sai e less time-per-item using the part method than do inaxperienced 
learners. The ability’ to achieve superior results by the whole method 
is itself a result of learning. 

Distribution of Practice. Just as the learning 77jatcria1 may be 
attached as a whole or in parts, so learning time, may either be spent 
continuously or spaced out over periods of x-aryinEi lengths. Prac- 
tice may be rnassed or distributed in time. Suppose we have n min- 
utes at our disposal to devote to learning a task. Under conditions 
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of massed practice, we would use the entiitJ n minutes in one con- 
tinuous learning session. Under conditions of distributed practice, 
we should practice for a fraction of n minutes, take a rest period 
(where rest is deGned as an activity unrelated to the learning task). 



Fic. 87. Comparison of Massed and Distributed Pracbce A series of 
syllables is learned faster under distributed than massed practice. (From 
C 1. Hovland, Espeiimental studies in rote learning theory V. Compari- 
son of distribution of practice in seiul and paired associate learning, 
/. Exper. Psychol , 1939, 25:625, by permission of the journal and the 
American Psychological Association ) 

practice for another fraction of n minutes, interpolate another rest, 
and so on, until the allotted time has been used up. 

The experimental evidence shotvs unequivocally that distribution 
of practice leads to faster learning and better retention. This Ending 
has been conGrmed again and again with a large variety of learning 
materials and under many different «cpenmental conditions. Fig- 
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periods and duration of interpolated rest inte'rvals, J''or n yiven 
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relations in problem solving, distribuUon is beneficial \Mien it is 
important tp fixate a nevviy learned response before it is lost, massed 
practice may be advantageous. In the learning of a complex activitv, 
both the discover)' of nevv rclitions and the “stamping-in" of r^ 
sponscs are necessar)’. A judicious sequence of distnbuted and 



Fic 8S. Serul Position Curves Obtained Under 
Conditions of Mossed and Distnbuted Practice. The 
serial position curve is flatter when learning is dis- 
tributed than when it is massed (From C. 1. 

Hovland, Experimental studies in rote learning 
theory; I. Reminiscence following learning by 
massed and distributed practice, }. Exper. Psychol., 

193S, 22 209, by permission of the /oumal and the 
American Ps) chologica] Assocution.) 

massed practice may allow both t)'pes of learning to develop under 
optimal conditions. 

The beneficial effects of distribution of practice are probably 
due to the fact that interference among the items of a learning 
task is dissipated during the rest intervals. “Wrong" associations 
are frequently weaker than "right" ones and are readily forgotten 
during the rest period. For example, remote fonvard and backward 
associations may be weakened during a rest interval to a greater 
extent than the correct, immediate associations. Fig. SS shows that 
such appears, indeed, to be the case: with distributed practice, the 
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serial position cun^e is considerably flatter than with massed prac- 
tice. Not only is the series as a whole learned faster with distribu- 
tion, but the items in the middle positions are the ones which are 
primarily responsible for the improved performance. If tlie inter- 
pretation of serial-position effects suggested above is correct, dis- 
tributed practice does result in quicker forgetting of remote (wrong) 
associations and relative strengthening of immediate (correct) asso- 
ciations. The coricept of differential forgetting allows a common 
interpretation of a large number of experiments sho^ving the positive 
effects of distribution. 

Distribution of practice may owe part of its effect to impro\'e- 
ment in the subject’s motivation. Rest periods prevent the learning 
task from becoming too tedious and irritating. It is doubtful, how- 
ever, that recovery from fatigue accounts to any appreciable extent 
for ,the facilitating effects of distribution. Even with pracUce 
periods so short as to exclude the possibilitj' of fatigue, distribution 
is still superior to massed practice. 

Indimdual Differences Among Learners 

In all spheres of behavior, individual differences among organisms 
constitute an important fact. This is certainly true of learning in 
general, and of verbal learning in particular. As experimenters, we 
may choose one of two alternatives in dealing with the problem of 
individual differences. We may try to reduce the influence of indi- 
vidual differences to a minimum by choosing random samples of 
subjects for each ex-perimental condition and hoping that in tire long 
run the effects of such differences will cancel out. A refinement con- 
sists of the use of matched groups of subjects, making sure that 
indiwdual differences will affect different experimental conditions 
to fairly equal extents. In most practical experimental situations, 
we follow this procedure and try to minimize and randomize indi- 
vidual differences. 

The second alternative calls for the treatment of individual dif- 
ferences as a systematic variable. Instead of randomizing and 
minimizing individual differences, we can vary them systematically, 
maximize their effects, as it were, and gauge their influence on 
obseiv'ed behawor. In tlie field of human learning, three sources of 
indiwdual differences have been systematically explored in this 
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fashion: age, sex, and intelligence. We shall briefly summarize the 
results of this worh. 

Learning as a Function of Age. There is-good eWdence that 
a certain amount of learning tales place before birth Certainly, 
learning begins on a large scale immediately after birth and con- 
tinues indefinitely from then on. To ^vhat extent does the ability 
to learn vary as a function of age? Clearly, learning abilit)* depends 
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Fio. 80. Learning Ability as a Function of Age. 

This hypothetical curve, ba^d on a comprehensive 
study of learning performance over a wide range is 
believed to represent the general relation between 
chronological age and the abihty to learn. (Prom 
J. A. htcCcoch, The psychology of human learning, 

1942, p. 226, by permission of Longmans, Green & 

Co., Inc. After E. L. Thorndike, Adult learning, The 
Macmillan Company, 1928, p 127, by permission 
of Professor Thorndike.) 

on the development of certain capacities in the organism, both 
sensory and motor. Obviously, there can be no verbal learning 
before language development has reached a minimum level, al- 
though such development is itself largely a question of learning. As 
the organism grows and develops its capacities, learning ability 
increases. Systematic studies have shown that appreciable increases 
in learning ability do characterize the years up to late adolescence 
(about 18). 

Does ability to learn, having reached a peak, decline? The evi- 
dence on this point is inconclusive and difficult to interpret. After 
maximal ability is reached, measurable dechne is very slow to set 
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in and proceeds at a very slow rate. This finding is especially true 
for learning which involves the mastery of relationships and ideas. 
The main difficult}' is that it is almost impossible to isolate experi- 
mentally “pure learning ability” in the sense of “neural plasticity.” 
Older subjects may have learned how to learn, may be more skill- 
ful in their attacks on problems. They also have a larger repertory' 
of information and responses which may be applied to a new prob- 
lem. On the other hand, older subjects may be “out of practice.” 
After leaving school, many of them have little opportunity to 
engage in formal learning activities. Thus, “pure leariiing ability” 
or “neural plasticity” are, for all practical intents and. purposes, out 
of reach of experimental inquiry, at least with human subjects. As 
far as obserx'able level of performance is concerned, tliere does 
seem to be a gradual slow decline with age, as schematically repre- 
sented in Fig. 89. This graph summarizes the results of a compre- 
hensive study of learning performance over a wide age range. Even 
this general trend, though supported by extensive experimental evi- 
dence, must be interpreted with caution. The task of obtaining a 
truly representative sample of learners of all age groups is a for- 
midable one. Any valid generaUzation about learning as a function 
of age must be based on such a sample. 

Learning as a Function of Sex. Are men or women better 
learners? The most valid general answer is: neither. From a large 
number of experimental comparisons of men and women learners, 
no consistent difference in learning ability behveen the sexes has 
emerged. Whatever reliable differences have been found can be 
ascribed to differences in interest and training. Men may be more 
efficient in learning materials dealing with mechanical problems; 
women may show greater proficiency in learning items relating to 
home life. Such results are, of course, due to differences in interest 
and training associated with sex differences. They do not reflect any 
inherent differences behveen the sexes in learning ability. To the 
e.xtent that such differences in interest and training disappear or 
change, differences in learning ability may be expected to disappear 
or change concomitantly. In choosing subjects for experiments on 
verbal learning, it is important to ask whether or not sex differences 
in learning ability are likely. With nonsense materials, for example, 
there is no reason to expect other than random differences between 
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men and women learners, and it is not important that Uie number 
of men and women learners be equated under various etperimentaj 
conditions. If the material is meaningful and likely to have differ- 
ential appeal to men and women, sex differences need to be care- 
fully controlled and evaluated. 

Learning as a Function of Intelligence. UTienever' learning 
ability is correlated with scores on intelligence tests, a positive 
relation is found. The correlation is especially high if the learning 
task includes abstract ideational material. We should expect such 
a relationship a priori since the score on an intelligence test is cer- 
tainly not independent of the subject's previous learning ability. 
Those who have learned well in the past score high on intelligence 
tests and are also successful in handling new learning situations. 
One of the things which an intelligence lest measures is abilili/ to 
learn, and failure to obtain a positive relationship between intelli- 
gence-test score and learning performance would throw doubt on 
the validity of the test. 

The practical implications for the experimenter are clear. If dif- 
ferent learning materials or conditions of practice are to be com- 
pared, subjects must be reasonably well equated in intelligence. If 
It Is impossible to match subjects in different experimental groups 
for intelligence, random samples presumed to have similar distri- 
butions of intelligence should be used. If the experimental samples 

• ' : ** • ’ ' ■ -malic dif- 

- . especially 

since the population itseu is ciiaracienzeu uy u iiauuiv range of 
intelligence scores. 

Special Ppodleris or Control in 
Leahmnc ExraniMENTS 

Certain problems of control are common to most experiments on 
learning. We shall list here some of the main problems of experi- 
mental control, of which we must be continuously aware. 

Standardization of Instructions. We have emphasized the 
importance of set as a determinant of learning performance. The 
experimenter usually controls and manipulates set by means of 
instructions to the subject. Sets are highly flexible and sensitive to 
even slight variations in instructions. It is, therefore, important to 
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standardize the instructions for any given learning experiment and 
to -keep them constant from subject to subject Reading a sta n dard 
set of instructions verbatim is the safest procedure. Never give the 
subject more information than is contained in the standardized 
instructions. 

Rate and Duration of Presentation of Materials. The rate 
at which materials are presented to the subject and the duration for 
which each item is exposed should be carefully controlled. These 
temporal conditions should be held strictly constant for a given 
e.\-periment, unless variation in rate or duration is itself an experi- 
mental variable. Speed of learning is appreciabb' influenced by 
both these factors. 

The Experience of the Learner. The amoimt of e.xperience 
which a subject has had with tasks of ihe same type as the one on 
which he is tested is a critical x-ariable. One learns how to learn, 
how to attack a certain kind of problem. This is especially true for 
an unusual problem, such as memorizing nonsense ^'Hables. In com- 
paring the effects of experimental conditions, we must be sure that 
learners with reasonably eq^ual amounts of e.xperience are tested 
under each of the conditions. A balanced design such as the one 
described in Experiment XX may help to control the factor of 
experience. 

Environmental Conditions. It is important to carrv out a 
given e.vperiment under constant emironmental conditions (unless 
variations in enwonment are an experimental variable). In practice, 
this means tliat the whole e.xperiment should be conducted in the 
same place. If an experiment cxjmprises several sessions, it is prefer- 
able to conduct each session at the same time of day. The amount 
of distraction to which the learner is exposed must also be con- 
trolled. Ideally, a verbal learning experiment should be conducted 
in a well-lighted, quiet room. If a certain amount of noise is inexr- 
table, an attempt should be made to keep it as constant as possible 
throughout the e.xperiment. 

Use of Different Experimenters. For practical reasons, it is 
often necessary to assign parts of the same experiment to different 
e.xperimenters. Such a situation frequently arises in laborators' 
classes. The use of different experimenters is not likely to introduce 
my serious amount of error provided dll the experimenters arc 
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equally well trained and all follow a strictly standardized 
It is advisable to have each experimenter run part of tli 
under each of the experimental conditions. • 

Experiment XX 

Serial Posmox Effects Unt>eb Massed and Distributed PoAcncE 
Purpose. The purpose of this experiment fs to demonstrate several 
principles of serial learning (1) the senal-position curse, (2) the dif* 
ference in rate of learning under massed and distributed practice, and 
(3) the difference in scrial-position effects under massed and distributed 
practice. 

Materials. Lists of three-letter nonsense syllables. For this experi- 
ment, a reasonably short list, say, twelve syllables, will suffice. For rules 
to be fol]o\ved in the construction of a list of nonsense syllables, see 
pp 347 f. 

Apparatus. The standard exposure device for verbal materiab is the 
memory drum Tliis device consists of a drum mounted behind a screen 
A strip of paper on which the syllables are printed is fastened around the 
drum. The drum is dnven by a constant-speed motor and exposes each 
syllable for s short period of time (usually 2 seconds) through a window 
In the screen. A typical memory drum is shown in Fig. 90 If a memory 
drum is not available, the syllables may be pruited on cards and pre- 
sented manually. Since rate and length of exposure axe of great im- 
portance, manual presentation must be carefully timed 

General Procedure. The method of anticipation should be used. The 
subject is seated in front of the drum, and the foUowuig instructions are 
read to him: 

**11115 is a learning experiment. A senes of nonsense sylJables will be 
shown to you through the window in this screen (expenmentcr points 
to memory drum). A nonsense syllable is a combination of three letters 
without any meaning. 1 want ytm to look at these syllables carefully. 
After the list has been presented once, the syllables will be shown 
again, but this time it will be your task to anticipate each syllable, that 
is, to spell it out before it appears m the window. When the symbol 
marking the beginning of the list appears,® you are to spell out the first 
syllable. When the first syllable appean, you are to spell out the 
second, and so on through the entire list Bemember, your t-nsk is to 
spell out each syllable before it appears in the wmdow. We shall con- 

8 A simple geometnc design such as a square or tnangle may be used as a 
cue symbol to mark the beginning of the list 
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tinue this procedure until you have spelled out each syllable correctly 
on the same trial.” 

After the instructions have been read, the subject should be given an 
opportunity to ask questions. It is essential that the procedure be quite 
clear to tlie subject before the experimcni begins. When the procedure 
has been fully clarified, the memory drum is started. The rate at which 
the syllables appear depends on their spacing on the drum. Presentation 
at 2-socond intervals is customary. 

Presentation of the list is continued until the criterion is reached. As 
stated in the instructions, we are suggesting tire criterion of complete 
mastery. The experimenter may, of course, choose a different criterion (a 
less exacting one like seven correct anticipations or a more exacting one 
like three errorless trials) and modify the instructions accordingly. 

Massed Practice. Under conditions of massed practice, the presenta- 
tions of the list follow each other in close succession. An interval of 6 
seconds between trials would constitutp massed practice. 

Distributed Practice. For distribution of practice, rest intervals are 
introduced between successive presentations of the list. For this experi- 
ment, we suggest a rest interval of 2 minutes. It is important to control tlie 
subject’s behavior during the rest intervals. If left to himself, the subject 
may use the rest interval to rehearse the list and, in effect, mass his prac- 
tice. The best way to control tire rest interval is to require the subject to 
perform a task which docs not leave him any time to rehearse the sylla- 
bles. For example, he may be asked to n.amc a series of colors which ap- 
pear in the window of the memory drum. Other tasks may be used, but 
tlie experimenter must make reasonably sure that tlie subject does not 
use the rest period for rehearsal. 

Order of Conditions. One of the purposes of the experiment is to 
compare performance under massed and distributed practice. To obtain 
the necessary' data, it is possible: (1) to divide the members of the 
laboratory into two groups, one of which works with distributed, the 
other with massed practice; or (2) to have each learner work under botli 
conditions. If tlie second of these alternatives is chosen, it is, of course, 
necessary to use two different lists of nppro.\imately equal difficulty If 
each learner works under botli conditions, it is also advisable to work- 
out a balanced e.\perimental design. Each of the two lists should be used 
equally often in massed and in distributed practice. Thus, differences in 
difficulty between the two lists will affect the two methods of pracdcc 
to an equal extent and presumably cancel out. Furthermore, half the 
subjects should start with massed practice, the other half with distributed 
practice. This balanced sequence of conditions svill allow both methods 
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■of practice to benefit equally from eaperience and possibly to suffer 
equally from the effects of fatigue and boredom. The total experimental 
design is summarized in the accompanying table. 


Massed IVaetice Distributed Practice 


Ofuer of 
Conditions 

First 

Second 

First 

Second 

List A 

Group 1 

Croup 4 

Croup 3 

Croup 2 

List B 

Group 2 

Croup 3 

Croup 4 

Group 1 


Record of Results. Throughout the experiment, a careful record 
must be made of each individual attempt at anbcipabon. A typical record 
sheet will look somewhat as shown in the accompanying tabulation. 
Trial Number 

SyUabie i 2 3 ^ ^ ^ ^ '* 

1 

2 


On each trial, and for each syllable, correct aDticipaijons are indicated by 
a check mark, incorrect ones by on x (or any other system of notation, 
such as pluses or minuses, which the erpenmentcr may prefer). In this 
manner, an accurate picture of the temporal trend of learning can be 
obtained. 

Treatment of Results. We fint compare the rate of learning under 
massed and distributed practice. We find for each subject the number of 
trials required to reach the cntenon. The mean number of trials to 
criterion is then determined for the two conditions. Our expectation on 
the basis of previous experimental results is that the enterioo is reached in 
fewer trials svith distributed than with massed practice To show the 
differences in rate of acquisition, learning curves showing number of 
correct anticipations for successive trials should be plotted. For learning 
curves showing the average results for several learners, the Vincent curve 
technique, described in Chapter 13, should be used. 

Next, serial-position curves are plotted for learning under the hvo con- 
ditions of practice. Scrial-posiUon curves may be plotted in M-o ivays, 
fllustratcd respectively in Fig. 84 and Fig. 88 . In Fig. 84. average ntim^ 
of correct anlidpalions per trial is plotted against position in the senes, 
yielding a typical bow-shaped curve. If a syllable were correctly an- 
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iicipatcd on all trials by all subjects, the value plotted against its position ' 

would be one. ^ 

To obtain these values, we add the total number of a subjects correct 
anticipations for a syllable and then divide by the total number of trials, 
rhe results of several subjects may then be averaged. 

As Fig. 88 shows, the serial-position curve may also be plotted in terms 
of the number of failures rather than correct anticipations at each position 
in the series. In that case, the usual bow-shaped curve is inverted, with 
the peak at the middle of the scries. 

The serial-position curves for massed and distributed practice should be 
plotted against a common set of axes to make their immediate comparison 
easier. As Fig. 88 shows, we should expect the serial-position curve to be 
flatter under conditions of distribution than with massed practice. The 
significance of the difference between any pair of points may be tested 
by conventional statistical methods, 

Expehiment XXI 

Speed of LEAitNiNC for Different Amounts of Materiai, 

Purpose. To measure speed of learning as a function of the total 
amount of material learned. 

Materials. Stimulus lists of different lengths. It is important that the 
lists differ in length but that the items be of uniform difficulty. Tire use 
of nonsense syllables, matched in .association value, is, therefore, advisable. 
Meaningful words may also be used provided they are reasonably uni- 
form in difficulty. Lists of 8, 12, and 16 items provide a convenient grada- 
tion of amount. 

Apparatus, As in Experiment XX, the stimulus items are most con- 
veniently presented by means of a memory drum. The individual items 
may again be presented at 2-second intervals. 

Procedure, For a description of the procedure and instructions, refer 
to Experiment XX. The same procedure applies to this experiment. The 
method of anticipation is again chosen because it gives the most accurate 
picture of the course of learning. 

Order of Conditions. We wish to compare speed of learning for dif- 
ferent amounts of matcri.al (8, 12, and 16 items). It is again possible to 
have each learner learn all three lists or to divide the subjects into three 
groups (selected at random), each of which learns a list of different 
length. The latter procedure will, of course, save much time and effort. 

If each learner learns all three lists, a counterbalanced design similar 
to the one described in Experiment XX should be used. Different learners 
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should practice the three lists in different orders. With three lists, sir dif- 
ferent orders of practice are possible- If enough subjects are available, 
an equal number of subjects should practice the lists in each of the sir 
orders. 

Records of Results. The record sheets described abose should again 
be used. 

Treatment of Results. State for each list the average number of 
trials required to reach criterion. We should expect the amount of time 
to cnterion to go up as length of list increases. The main question which 
we wish to ask of the data is whether the average difficulty of an item 
increases as the total amount of material is increased. We may define 
difficulty in terms of time-per-ltem. Since each item is presented for a 
constant period of time, we can easily compute the total tune required to 
reach criterion. Dividing the total amount of time by the number of 
words or syllables yields the average lime-per-item for a given hst The 
significance of the differences between average tunes-per-ltem can be 
tested. The infiuence of amount of material can also be shown by plotting 
the Jeamiog curves for lists of different lengths. Jt can then be seen 
whether a practice trial at any given stage of learning docs or does not 
result in an equal amount of improvement for different lengths of lists. 
If the results of several subjects are averaged. Vincent curves must be 
used. 

APPENDIX: Rules fob the Covstboction or Non’se.nsb Syllables* 

One of the most serious problems of control ui experiments on verbal 
learning concerns the difficulty of the materials used. Nonsense syllables 
are so frequently used because they can be arranged in lists of fairly 
uniform and known difficulty. The foUowing rules are helpful in the con- 
struction of hsts of nonsense syllables. 

1. The association value of the syllables must be taken info account. The 
norms developed by Glaze and Hull may be used here. If more than 
one list is us^, (hey should be equated in average association value 
(unless differences in association value are themselves an experi- 
mental variable). It is advisable to construct the hsts so that succes- 
sive pairs of syllables have approximately the same association values. 

2. No vowel should he repeated in any consecutive four syliablcs, except 
in going from the end to the beginning of the list. It is permissible, 
therefore, to use a vowel in «ie of the last three units of the list and 

« ^Ve are indebted to Professor A. Vi. Melton for permission to use some 
of his unpublished material. 
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also in one of the first three units of the same list. The same vowe’ 
may not, however, be used in the first and last unit of the same list 

3. No four consecutive syllables shall have any letter (either vowel oi 
consonant) in common. However, up to three initial and three fina 
consonants may. be the same in any given list, especially if the lisi 
contains, more than twelve syllables. For shorter lists, neither initia 
nor final consonants need be repeated. 

4. No two syllables in the same list should have two letters in common 
i.e., neither one vowel and one consonant, nor two consonants. 

5. Alphabetical progressions of initial and final consonants should be 
avoided. 

Careful observance of these rules will help to make the nonsense 
syllable a useful type of item for experiments on verbal learning, es- 
pecially where materials of uniform difficulty are desired. 
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RETENTION AND FORGETTING — 1 

THE problems of learning and retention are treated under separate 
headings only for convenience of experimental analysis and meas- 
urement The processes and conditions of learning and retention 
are continuous: one always implies the other. Learning is defined 
and measured as progressive improvement in performance as a 
result of practice. No such improvement would be possible if prac- 
tice did not result in cumulative retention. Similarly, it would be 
senseless to talk about retention except in reference to a level of 
performance achieved during a period of learning. The practical 
distinction behveen learning and retention stems from the differ- 
ence in the times at which performance is measured. Measures 
obtained during a period of acquisition— i.e., while the subject is 
working to reach a criterion— are learning scores. Measures obtained 
at varying time inteiv'als after tlie end of practice are retention 
scores. Thus measures of learning describe the rate at which associ- 
ations are formed and responses built up to adequate strengOi; 
measures of retention show how lasting the associations are, and 
what the changes in response strengUi are after a period of disuse. 

The Measurement of Retention 
There is no one pure measure of retention. There are several 
experimental operations for gauging the degree of retention, each 
of them valid in its own right, showng the availability of certain 
types of response. Measures of retention do, however, vary in 
sensitivity: some operations are more suitable than oQiers for reveal- 
ing small differences in degree of retention. The most common pro- 
cedures for measuring retention are recall, recognition, relearning, 
reconstruction) and speed of response. 

Recall. This procedure is best described as active recall. It is 
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the subject’s task actively to reproduce the correct responses wh'fch 
he has acquired during the period of learning. There are several 
variations of active recall. 

In tests by the method of retained members, the subject Is simply 
required to reproduce as many items as he can remember. He may 
or may not have to do so in a definite order. Of course, the latter 
task is the more difficult one and usually requires a longer period 
of practice. The retention score is simply the number of items cor- 
rectly reproduced. Accurate scoring depends on the extent to which 
the learning materials can be broken down into discrete items. 
Lists of nonsense syllables, digits, and discrete meaningful words 
offer no difficulty. On the other hand, a connected passage of prose 
or poetry does not provide equally clear-cut units. One cannot 
simply use the number of words correctly recalled, because many 
of them (articles, adjectives, pronouns, prepositions, etc.) frequently 
recur In the same passage. Moreover, such a scoring procedure 
would fail to show to what degree the learner has mastered the con- 
tent of the passage. For these reasons, a connected passage is 
usually divided into "ideas’* or "thought units” estimated to be of 
equal difficulty, and the final score is determined by the number of 
such thought units correctly reproduced- 

The memory-span method is closely related to the method of 
retained members. The subject is presented (visually or orally) 
with a list of items, such as digits, letters, or words, and is required 
to reproduce them immediately after presentation. The number of 
items is successively increased until the subject fails in his attempt 
at reproduction. The longest series which he can reproduce without 
error defines his memory span. A more reliable measure of the span 
can be obtained by application of the psychophysical method of 
constant stimuli (see Chapter 2). By this procedure, a graded series 
of lists is repeatedly presented to the subject. The percent of the 
trials on which each length of list was correctly reproduced is tabu- 
lated. The memory span is defined as that length of list which can 
be reproduced correctly on 50 percent of the trials. Obtained in 
this manner, the span is closely akin to a psychophysical threshold. 
It is a threshold defining tlie limit of immediate retention. It goes 
without saying that the magnitude of the span varies widely with 
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the nature of the stimuli, the speed of presentation, the subject’s 
set and other experimental conditions. 

The method of anticipatiorii previously discussed in detair(see 
pp. 313 f.), is anodier procedure in wWch retention is measured 
by active recall. It is peculiarly characterized by the fact that each 
item must be reproduced in response to a specific stimulus: the 
item immediately preceding it in tlie series. The retention score is 
given by the number of correct anticipations. 

The method of paired associates (see pp. 314 f.) also requires 
active recall by the subject. Here one member of a pair becomes 
the specific stimulus for the reproduction of the second member. 
The number of correctly completed pairs is tlie retention score. 

Tests of active recall constitute a very exacting method of measur- 
ing retention. Only those responses which have acquired sufficient 
strength to be available for active reproduction can contribute to 
the subject’s score. Weaker associations have little chance to mani- 
fest themselves in active recall, altliough they may aid other types 
of retention performance. 

The minimum strength which a response must have to be actively 
reproduced is designated as the threshold of recall. Like all thresh- 
olds, the threshold of recall is not a fixed stable value but fluctuates 
in time. As a result, an item which is not available for active repro- 
duction at one moment may emerge above the threshold of recall a 
few moments later. Such oscillatiojis at the threshold of recall fre- 
quently occur in retention tests for verbal materials. On successive 
retention tests, new items not previously recalled may appear. New 
items may emerge above the threshold of recall even if the total 
amount of retention is going down. 

Active recall, tlien, does not usually yield a maximum measure of 
retention. Not only must responses have acquired considerable 
strength in order to be actively reproduced, but what is available 
for recall is subject to appreciable temporal fluctuations. 

Recognition. In a recognition test, the subject is confronted 
with a series containing both correct (previously learned) and incor- 
rect (new) items, arranged in a random order. His task is to pick 
out the items which he recognizes as correct. Such a test inewtably 
invites guessing on the part of the subject. Some individuals are 
more inclined to guess than others, and a correction for guessing 
must be introduced in order to render the scores of different sub- 
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jects comparable. The scores are adequately adjusted by subtract- 
ing the percent of items incorrecdy recognized from tlie percent 
correctly recognized/ Suppose, for example, that Uie original learn- 
ing task consists of twenty nonsense syllables. These hventy S)-Ila- 
bles, mixed ^v^th forty new ones, appear on the recognition test 
Subject A recognizes ten syllables correctly but also makes four 
wong identifications. His score is 10/20 — 4/40 = 5QJ — 102 = 
40S. Subject B also recognizes ten syllables correctly but in addib'on 
makes twenty incorrect recognib'ons. His score is 10/20 — 20/40 = 
502 — 502 = 02. Thus, with proper adjustments for incorrect re- 
sponses, the same number of correct “recognitions" may result in 
widely differing retention scores. False recognihons arc not neces- 
sarily the result of random guessing but may be due simpl)’ to poor 
learning so that the subject is unable to discriminate between cor- 
rect and incorrect items. A penalty for wrong responses is sbll in 
order if a fair esUmate of retention is to be made. 

There is no rule specifying the raho of correct to incorrect items 
in a recognition test. An equal number of correct and incorrect 
stimuli, mixed at random, is frequently used. Other ratios arc, how- 
ever, equally permissible. The larger the number of incorrect 
items, the more difficult it becomes to bit on a correct response 
through lucky guessing. A one-to-one raUo of correct and incorrect 
items would thus appear to be a minunum, but larger proporbons 
of UTong items may be used widt profit 

/A recognih'on test may or may not be a successful test of reten- 
b'on. If there is little or no similarity behi’een the old and the new 
items, llie lest will be much too insensibve to measure retention/ 
An extreme example will illustrate the point. If our subject learns 
a list of nonsense syllables, and we test his retention for them by 
mixing these syllables with an equal number of words, he will cer- 
tainly identify all the syllables and reject all the words Obviously, 
retention for nonsense syllables can be tested best by mixing them 
with other nonsense syllables, retention for adjectives by mixing 
them with other adjeebves, and so on. The sensitivity of the recogni- 
tion test will depend upon the degree of similarity behveen the old 
and new items. 

Recognition performance has been found generally superior to 
active recall when retenUon scores were compared after constant 
amounts of practice. The abih'ty to recognize an item seems to 
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depend on a lesser degree of leaiping dian the ability to reproduce 
an item actively. This result is not surprising if we consider the 
differences between tlie two test situations. All the correct items 
appear on the recognition test. Those items whicli ha\'e been poorly 
learned may be strengthened by tire very fact of their reappearance 
as test -stimuli. Many weakly learned items, though not mastered 
well enough for active recall, still have greater strength than wong 
items and are, therefore, correctly recognized when contrasted with 
entirely new items. In active recall, the learner has no opportunity 
to be e.vposed once more to the correct items, nor can he benefit 
from the difference between weakly learned correct items and even 
weaker wnrong items. Much of what the learner has acquired during 
practice cannot manifest itself in recall because it falls short of die 
minimum degree of master)' required for active recall. -The mediod 
of recognition is more sensitive because weaker associations have a 
better opportunity to contribute to die subject’s performance. 

Relearning. Retention can be measured by the speed with 
which a subject can relearn a task to criterion some dme after the 
cessation of practice. The greater his retention, the faster he can 
reestablish his old level of performance. If his retention were per- 
fect, he would reach criterion on the first trial of relearning. If there 
were no retention, it would take him as long to relearn the task as 
it took him originally to learn it. Over a long time interval after the 
end of practice neither of these e.vtrcme cases is likely to occur. 
Relearning usually takes less dme than original learning, and the 
amount of dme or number of trials saved is an index of the degree 
of retention. Hence, this method of measuring retention is also 
known as the method of saving. 

A simple e.xample will illustrate the use of diis method. A subject 
learns a list of words in twenty trials to the criterion of one perfect 
repetition. A week later, he relearns the same list to the same cri- 
terion, this time in twelve trials. He has saved eight trials or 40 
percent (S/20). Similar computations of saving can be made for 
measures of time, numbers of errors, or whatever other indices of 
learning are employed. Percent saving is ^ven by the following 
formula. 

Measure for Original Lea rning — Measure for Relearning 

iMeasure for Original Learning ^ 
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Use of the method of saving is.not without methodological diffi- 
culties. The subject necessarily relearns the task some time after the 
original learning. During this interval, he may have become a more 
practiced learner and he may have acquired more efficient modes 
of attack on the problem. Part of the saving may, therefore, be due 
not to retention of the original task but to greater learning abili^. 
This objection may be met, in part at least, by comparing relearning 
not with original learning but with the learning of an equivalent 
new task. Reluming to the example above, we recall tliat.ou’- sub- 
ject learned the original list in twenty trials, and a week later, 
relearned the same list in twelve trials. Instead of using his original 
learning as a basis of comparison, we should have the subject learn 
a new list matched in length and in difficulty w’ith the original list. 
Suppose it takes him eighteen trials to learn this new list. ^Ve 
would then conclude that he has saved (18 — 22}/18 st 33.31. This 
measure would probably be more accurate since it would take the 
change in general practice level into account. The validity of this 
procedure depends, of course, on our ability to construct a new 
task strictly equivalent to the original learning task. IVith nonsense 
materials, equivalent lists can usually be constructed without too 
much difficulty. With meaningful maienals, the problem of obtain- 
ing equivalent tasks is a much more difficult one. 

The special value of the method of relearning lies in the fact that 
It measures retention independently of the ocailabilily of specific 
responses. A subject may not be able to recall actively a single item 
and yet show a substantial amount of saving. Indeed, saving has 
been reported for relearning after more than twenty years. 

Reconstruction. The method of reconstruction is related to the 
method of saving but puts its mam emphasis on the retention of 
serial position or order m general. The learning task consists of a 
series of items arranged m a definite order. Some time after the end 
of practice, the subject is given the items he has learned, but they 
are scrambled in a random arrangement. His task is to reconstruct 
the original order. The retention score is based on the number of 
items put in tlieir proper posiUon in the series.* The method of 
reconstruction merges into the method of saving if the subject is 

1 A rank^order correlation coeiGcient may be used to quantify the correspond- 
esoe between original senes and reconstructed series. 
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allowed to continue his efforts until he has reestablished die original 
order. The saving in time or trials is then computed as usual. 

Reconstruction yields a verj' specialized measure of retention 
because of the exclusive emphasis put on sequence or order. In 
this stress on sequence, it is probably most closely allied to the 
method of anticipation. Like the latter (and recognition), the 
method of reconstruction can be used only with materials which can. 
be readily broken down into separate units. 

Speed of Response. The measures discussed so far are based 
primarily on the amount of work achieved by the subject on the 
test of retention, e.g., the number of items correctly recalled, recog- 
nized, and reconstructed. It is possible to gain additional informa- 
tion about degree of retention by observing the subject s behavior 
during the test, i.e., by examining the nature of the performance as 
well as the results of performance. The temporal characteristics of 
the responses in particular are sensitive indices of the degree of 
retention. 

First of all, there is latency. How quickly upon presentation of 
the test stimulus is the response given? Students of animal condi- 
tioning have frequently used latency as a measure of the strength of 
condib’oning (see p. SOI). In many situations, latency is inversely 
related to strength: the smaller the latency, the greater the strength 
of the response. This measure is also applicable to verbal learning, 
especially to the method of paired associates. The speed with whidi 
the missing member of the pair is supplied by the subject is a 
measure of the availability of the response, and an index of the 
strength of retention supplementary to measures of sheer amount 
retained. 

Another temporal index of strength of retention is the rate at 
which responses are given, i.e., the speed with which they follow 
each other. Again, this measme has been found most useful in ani- 
mal conditioning to measure the strength of conditioning. Measure- 
ments of rate are also applicable to verbal learning, especially to 
active recall (method of retained members). The faster the rate at 
which the correct items are reproduced, the greater the availability 
of the responses. Thus rate, like latency, is a measure of retention 
which supplements measures of amount. 

Temporal measures may jneld significant differences even when 
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there are no significant differences in the amount of material re- 
tained. Thus hvo individuals may recall the same number of items, 
but one may recall them at a faster rate than another. The faster 
rate, then, indicates greater availability of responses and, by infer- 
ence, a higher degree of retention. 

The Temporal Course op Forgetting 
The most outstanding characteristic of retention is its decrease in 
Kmc. With a few exceptions, the amount of retention becomes less 
and less as the time interval between the end of practice and the 



Fig. 91. The Course of Forgetting m Time In 
this curve retention for nonsense syllables, as 
measured by percentage tunc saved in relearning, is 
plotted against time. (From data of il. Ebbingbaus, 
hiemory; a contribution to experimental psychology 
Trans, by H. A. Huger, and S S. fiussemus, Ne%v 
York: Columbia University, 1913, p 76.) 

memory test is lengthened. When amount retained is plotted against 
time, we obfam a curve of forgetting. Fig. 91 shows a {oigetting 
curve which is a classic in the field of memory: it represents the 
work of the first experimenter in the field of human learning and 
memory, Hermann Ebbinghaus. Based on experiments performed 
more than sixty years ago on one subject (Ebbinghaus himself), it 
has stood the test of time amazingly well and has m its main fea- 
tures been borne out by much subsequent work done with larger 
samples and considerable refinements of procedure. 
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Ebbinghaus’ cvirve shows retention, as measured by relearning 
or saving, after varying intervals of time following the end of prac- 
tice. The most striking feature of the curve is its decelerated drop. 
Retention loss 'is .considerable during the first few hours— after 1 
hour there is a saving of only 44.2 percent; after 8 hours, the amount 
saved has dropped to 35 percent. After the first day, the decline is 
much slower and the slope of the curve is very gentle. Although 
there is no one, truly typical cur\’e of retention, the decelerated 
decline is a feature common to curves obtained under many dif- 
ferent experimental conditions. 

The gentle slope of the later part of the curve indicates a fact 
which has been independently confirmed: forgetting only very, 
very slowly, if ever, becomes complete. As we have mentioned 
above, a certain amount of sa\4ng has been demonstrated in some 
cases even after decades. There is also “anecdotal” and clinical 
evidence about the revival of remote childhood experiences in old 
age and at moments of extreme stress. In spite of tlie sketchy nature 
of the exidence, it is probably reasonable to conclude that some 
effects of past learning persist indefinitely if only our measures are 
sensitive enough to detect them. 

The Determinants of the Rate of Forgetting 

We forget in time, but how much we forget and at what rate is 
not determined by the sheer passage of time but by a multitude of 
conditions which exercise their effects in time. Amount of forgetting 
is a joint function of a multitude of specific conditions, many of 
which can be varied experimentally. Proceeding, as it were, chron- 
ologically, we can localize and study determinants of retention 
(1 ) at the time of original learning, (2) in the time interval between 
tlie end of practice and memory test, and (3) at the time of the 
retention test. 

Retention as a Function of the 
Conditions of Learning 

The basic continuity of the processes of learning and retention 
would lead us to expect that the degree to which learning is carried, 
the nature of the materials learned, and the conditions under which 
learning takes place are important determinants of the course of 
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retention. This exjiecfation is supported b)’ a considerable amount 
of experimental ewdence. 

Degree of Learning. Measures of retention gauge how lasting^ 
the effects of learning are. That which is strongly ffxated should last 
longer, and it has, indeed, been found experimentally that the 
higher the degree of original learning, the greater the retention. In 



Fjc. 02. netention as a Function of the Number 
of ffepeUtions in Learning This cur>c shows reten* 
tion, fls measured by the number of seconds saved 
in relearning a list of nonsense syllables, plotted 
against the number of repetitions during original 
learning. (Data from JI. Ebbmghaus. Memorf/. a 
contribution to experimental psychology Trans, by 
H. A. Huger and S. S Bussenius. New York. 

Columbia University Press, 1913, p. 56 ) 

ured by relearning or saving for example, may be directly propor- 
tional to the number of tiroes the list was originally repeated. Fig. 
92 illustrates this point. 

Amount of retention cannot increase indefinitely as a function of 
degree of learning. A point of diminishing returns is reached. If the 
material is poorly learned, additional repetitions will considerably 
increase the amount of subsequent retention Overlearning, i.e., 
repetitions of the material after the criterion of complete mastery 
has been reached, will IxiTiiier increase retention. But more and 
more os’erleaming soon yields only small increments in retention. 
In general, then, amount of retention is positively correlated with 
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Ebbinghaus’ curve shows retention, as measured by relearning 
or saving, after varying intervals of time follo%ving the end of prac- 
tice. The most striking feature of the curve is its decelerated drop. 
Retention loss 'is .considerable during the first few hours-after 1 
hour there is a saving of only 44.2 percent; after 8 hours, the amount 
saved has dropped, to 35 percent. After the first day, the decline is 
much slower and the slope of the curve is very gentle. Although 
there is no one, truly typical curve of retention, the decelerated 
decline is a feature common to curves obtained under many dif- 
ferent CKperimental conditions. 

The gentle slope of the later part of the curve indicates a fact 
which has been independently confirmed: forgetting only very, 
very slowly, if ever, becomes complete. As we have mentioned 
above, a certain amount of saving has been demonstrated in some 
cases even after decades. There is also “anecdotal” and clinical 
evidence about the revival of remote childhood experiences in old 
age and at moments of extreme stress. In spite of the sketchy nature 
of the evidence, it is probably reasonable to conclude that some 
effects of past learning persist indefinitely if only our measures are 
sensitive enough to detect them. 

The Determinants of the Rate of Forgetting 

We forget in time, but how much we forget and at what rate is 
not determined by tlie sheer passage of time but by a multitude of 
conditions which exercise their effects in time. Amount of forgetting 
is a joint function of a multitude of specific conditions, many of 
which can be varied experimentally. Proceeding, as it were, chron- 
ologically, we can localize and study determinants of retention 
(1) at the time of original learning, (2) in the time interval behveen 
the end of practice and memory test, and (3) at the time of the 
retention test. 

Retention as a Function of the 
Conditions of Learning 

The basic continuity of the processes of learning and retention 
would lead us to expect tirat tlie degree to which learning is carried, 
the nature of the materials learned, and the conditions under which 
learning takes place are important determinants of the course of 
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retenljon. This expectation is supported by a considerable amount 
of experimental evidence. 

Degree of Learning. Measures of retention gauge how lasting 
the effects of learning are. That which is strongly fixated should last 
longer, and it has, indeed, been found experimentally that the 
higher the degree of original learning, the greater the retention. In 
some cases, this relationship approaches linearity. Over a consider- 
able range, the increase in retention of nonsense syllables, as meas- 



Fic. 02. netention as a Function of the Number 
of Repetitions in Learning. This cur\c shows reten- 
tion, as measured fay the number of seconds saved 
in relearning a list of nonsense syllables, plotted 
against the number of repetitions during original 
learning. (Data from H. Ebbinghaus, Memory a 
contribution to experimental psychohgi/. Trans, by 
H. A. Ruger and S. S. Bussenius, New York: 

Columbia University ftess, 1013, p. 58 ) 

ured by relearning or saving, for example, may be directly propor- 
tional to the number of times the list was originally repeated. Fig. 
92 illustrates this point. 

Amount of retention cannot increase indefinitely as a function of 
degree of learning. A point of diminishing returns is reached. If the 
material is poorly learned, additional repetitions will considerably 
increase the amount of subsequent retention. Overlearning, i e., 
repetitions of the material after the criterion of complete mastery 
has been reached, will further increase retention. But more and 
more overlearning soon yields only small increments in retention 
In general, then, amount of retention is positively correlated with 
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degree of learning, but the higher the degree of learning, the less is 
retention likely to benefit from further leaming. 

In relating retention to degree of learning, the latter may be 
varied in several ways. Number of practice trials provides one way 
for varying degree of learning: the larger the number of repetitions, 
the higher, presumably, the degree of learning. A constant number 
of repetitions, however, results in different degrees of mastery from 
subject to subject, and, therefore, number of repetitions may have 
different' effects on the retention performance of different subjects. 
It is often desirable, tlierefore, to define degree of learning in terms 
of the criterion reached by the subjects, such as one perfect repeti- 
tion, two' perfect repetitions, and so on. Retention may then be 
measured following different criteria of mastery. 

Not even a constant criterion of mastery insures a constant degree 
of learning. When Rvo indhiduals can Satisfy a criterion of, say, 
one perfect repetition, we can only concliide that both subjects have 
at the time of testing reached the minimum degree of mastery neces- 
sary to satisfy the criterion. They may still differ in degree of learn- 
ing as measured by more sensitive tests. Whether or not equal test 
performance means equal degrees of learning depends, among 
other things, on the age of the associations involved. Suppose indi- 
vidual A learns a list to criterion at time ti and relearns it to the 
same criterion at time to. Indhadiial B learns tire same list to the 
same criterion but does so only once, at time U. At time # 2 , tlien, 
botlr subject A and subject B show the same degree of learning as 
measured by tlieir ability to reach the criterion. On a test of reten- 
tion some time after < 2 , however, individual A is likely to be 
superior to B. His learning (associations) of the list are older and 
“stronger.” The dependence of retention on age of association is 
formally knowm as Josts law: Of two associations which meet the 
same criterion, the older one diminishes less with time. In other 
words, each relearning of the material to a constant criterion 
increases the degree of learning, leads to longer retention. In die 
light of Jost s law, the ability to reach a criterion is not an unequivo- 
cal index of degree of learning. Whenever degree of learning is used 
as an independent variable, as in measuring its effect on retention 
tlie effects predicted by Jost’s law must be borne in mind and, if 
possible, controlled (e.g., by using associations of equal age). 
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Distribution of Practice. We have already noted (pp. 332.330) 
that retenbon is better after distributed than after massed practice. 
The superiority of retention alter distribution follows immedi- 
ately from Jost’s law. Distribution of practice involves the interpola- 
tion of rest intervals during practice. Thus, when a cnterion is 
reached by distribution of practice, the associations are older than 
in the case of massed practice. The factors which lead to -faster 
learning by distributed practice (e.g., the forgetting of incorrect, 
interfering associations) are probably also responsible for the su- 
perior reteiition following this method of practice. 

Amount of Material. Regardless of the speafic conditions of 
practice, degree of retention varies with the length of the task. \Vc 
saw before (see pp. 320 f.) thata long task is more difficult to leam 
than a short one; when the task is long, the learner has to spend 
a larger amount of time on each item than in the case of a short 
task. Once learned, however, the long task is better remembered 
than the short one. ^Vhen rivo lists of difierent lengths are learned 
to the same criterion of mastery, a larger percentage of items is 
retained from the longer of the rivo lists. 

The direct relationship between amount of material and the 
relative degree of retention may at first be surprising but is a logical 
consequence of the greater difficulty of the longer task. A long task 
requires a long period of practice, and a considerable amount of 
time is spent on the individual items as well as in the effort to con- 
nect and organize them. As a result, many of the items are oier- 
leamed. Having been overleamed, they have higher retention value 
tlian the items in a short list which are easier to leam and require 
a briefer period of practice. The dependenoe of retention on the 
length of tile task thus reduces in large part to the effect of another 
basic variable: degree of learning. 

Nature of the Learning Task. Rate of learning varies for dif- 
ferent kinds of activities and so does rate of forgetting Meaningful 
materials are better retained than nonsense items. The general con- 
tent and meaning of a passage are retained belter than the verbatim 
statements. In general, retention favors vivid and distinct experi- 
ences that are rich in associative support. 

The fact that vivid and unusual eiqieriences are favored in mem- 
ory provides a valuable cue to the way in which retention depends 
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on the nature of the materials. A series of stimuli, ail of which aie 
homogeneous in form and qualitj-, such as a series of nonserise 
SA'llables. is retained only \rith gre.at difficult}*, .\fter the end of 
practice, the discrimination among these highly similar items, which 
was difficult enough while they were ph}*sically present, becomes 
more .and more inaccurate, -\s the Ge-st.alt piychologi.^s put it. the 
traces of liomoceneous or “crowded" naalerials cannot uraintaiu 
their idcntiri* for long. Because of Uieir simil.arit}*, &ere is ma.\-imum 
opportunitv' for miifeal interference .among the traces of the indi- 
vidnal items. On the other hand, any stimidus or e-TOerience whidv 
stands ont from its background, which is “isolated" in a series by 
virtue of its form and qu.alit}\ is he.a\*ily favored in retenrion. 

It is possible to demonstrate tire greater retention a-alue of 
“isolated" material by a simple experinrent. The stimulus list con- 
sists of a scries of items, ino,<t of which are of tire s.ame general form, 
s.av. rroirsensc s\*ll.ables. Interspersed arrrong tire sa'llables are a few 
itenrs of an entirely different nature, e.g.. three-digit numbers, geo- 
metric Egrrres. etc, .\ftcr a const.urt anro'ant of practice, the isolated 
items will urv.ariably show a higher degree of retentiorr. .\s a neces- 
sara* control, the relation between the two kinds of matori.'ils should 
be reversed in another scries: the numbers or geometric figures are 
“cro\N*dcd" and die nonsense sr-llables are “isolated." If the isolated 
items .are still favored in retention, that is ohrionslv due to the wra* 
fact of their being isolated and not to U;c intrinsic e.ase or diffiralh* 
of nonsense sr'llable.s, geometric designs, etc. This geaeual tvare of 
experiment has been performed lepeatedlv and the results have 
dearly established the superior retention \*aiue of isolated materials 
in a homogeneous series. 

.Ifofftxr'fonaJ Drtfrminanfs 

In discussing die retention wJue of different tepes of materials, 
the icanrer s .attitude toward the materi.al.s, hLs set,' Iris interests, and 
emob’on.il responses are .an ever-present i^onree of v.ari.at:'on. We 
ha\ c alxead} discussed these factors as variables in learning experi- 
ments (see pp. S26-S31). They play an eqn.allv important role as 
determinants of the co*arsc of retention. 

Set. Without a set to learn (whether induced by. the experi- 
menter or b}’ self-instrection ). litde or no le,ariring tabes place (see 
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pp. 328 f.). Since retention \’arics with degree of learning, only 
those learners who practice under an adequate set will show good 
retention. A specific set to recall will aid retention further. A subject 
who expects a retention test after the end of practice uill do better 
than one whose memory is tested unexpectedly. 

The more fully a learner knows hoto his retention wll be tested, 
the better will be his performance. If a subject knows in ad\- 3 ncc 
that his retention will be tested by a particular method, say, antici- 
pation or recognition, he will attempt to practice the material so 
as to be maximally prepared for the test. If he knows that there uiU 
be an anticipation test, he will emphasixe seri.il position during the 
period of practice. If he expects a recognition test, he will disregard 
position and concentrate on the nature of the individual items. Por- 
tormance is optimal if the subject knoxvs the nature of the retention 
test and prepares himself while practicing the material. If the 
expected test and the one actually administered differ, retention is 
impaired. For example, if the subject practices the material with 
a view to an anticipation procedure and is then confronted with a 
recognition test, his performance is poorer than if he had practiced 
specifically for a recognition test. Learning alwa)'s involves selective 
emphasis on certain aspects of the stimulus matenal (such as serial 
order, meaning, etc.). The learners subsequent performance de- 
pends on the extent to which the retention test calb for the same 
kind of response that he selectively emphasized dunng the period 
of practice. 

Interests, Attitudes, and Values. Explicit instmetions are by 
no means the sole determinants of selective retention. The subject’s 
reaction to the material is important: the degree of his interest in it, 
the attitudes which it evokes, the way In which it fils into his s)’Stcm 
of values. We have already considered such factors as determiners 
of the rate of learning; they continue to exercise their influence as 
determinants of the course of retention. Although these variables 
have not been too well explored, certain general conclusions have 
already begun to emerge. 

1. The greater a subject’s personal interest in the material which 
he has learned, the better will be his retention for it over a con- 
siderable period of time. A measure of interest may be obtained 
by requiring the subject to rate flie learning material on a scale of 
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interest (ranging from very interesting through indifferent to very 
dull), but unfortunately the validity of such ratings is not too 
well established. The degree of interest in the learning material 
may also be estimated from known characteristics of tlie learner, 
such as his occupation and his social background. 

2. Attitudes of acceptance and rejection toward the content of tire 
learning material may be significant determinants of the degree 
of retention. If the material learned is controversial (concerning, 
for example, a political or religious issue), subjects who differ 
radically in their attitudes toward the controversial issue are also 
likely to show differential retention for such material, There is 
some experimental evidence showing that material which is in 
agreement with the subject’s own view is favored in retention. 
Similarly, it has been shown that material which is probably ex- 
perienced as hostile or threatening to established values and 
attitudes may be retained more poorly than material which is 
acceptable to the subject or toward which he is indifferent. 

3. The success of experiments studying the relationship between 
attitudes and values on tlie one hand and retention on the other 
depends on the investigator’s ability to find materials which do 
indeed have important personal relevance for the subject. One of 
the most successful studies in this area was one in which the sub- 
jects were psycliiatric patients, and emotionally toned learning 
materials were selected on tlie basis of these very patients’ clin- 
ical records. Items which these records suggested to be acceptable 
to the subjects were retained significantly better than items sim- 
ilarly classified as indifferent or unacceptable. 

The experimenter must guard against assuming lightly that his 
subjects unll share his onto judgments of pleasantness and unpleas- 
antness, his own feelings of acceptance and rejection toward the 
learning materials. Experiments on the relation of attitude to reten- 
tion may easily founder on the failure to select materials of true 
personal relevance to the subjects. 

Memon’ for Completed and Interrupted (Successful and 
Unsuccessful) Tasks. The role of motivational determinants is 
clearly illustrated by the difference in retention for completed and 
interrupted tasks. In a typical experiment, subjects are given a series 
of tasks (usually simple manual tasks) to perform. They are per- 
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rnitted to complete half these tasks while tlje other half is inter* 
ruptcd by the experimenter and remains uncompleted. At the end 
of such an experimental session, the subjects arc required to recall 
as many of the tasks on which they had worked as they can remem- 
ber. Frequently and reliably, a lUgher percentage of interrupted 
than completed tasks is recalled.* _ * , 

The superiority of interrupted over completed tasks can be quan- 
titati\-ely expressed by means of the l/C ratio, where / equals num- 
ber of interrupted tasks recalled and C equals number of completed 
tasks recalled. If there is no difference In the retention value of the 
hvo types of task, the ratio is equal to 1. The greater the ratio, the 
more are interrupted tasks favored in rctenbon. l/C ratios as high 
as 1.9 have been reported. A valid l/C rab’o depends, of course, 
on adequate control of factors other than completion and inter- 
ruption of the task- A counterbalanced design (see p. 345) must 
be used, so that each task appears both in the completed group and 
the interrupted group an equal number of times. In this manner, it 
Is impossible for the nature of the task as such (its familiarity, 
vividness, etc. ) to affect the l/C ratio. 

Whether or not an l/C ratio greater than unity is obtained de- 
pends to a considerable extent on what the fart of interruption 
means to the subject, how his mobvation in performing the tasks is 
affected by the inteirupbon. Subjects may interpret interruption as 
a sign of either success or failure m the task. If the infemiplion is 
made without explanab’on or under some \’ague pretext, many sub- 
jects are likely to interpret it as an indicab’on of failure in the task. 
Under these conditions, the l/C ratio is often high. On the other 
hand, subjects may be led to believe that being interrupted in a 
task means that they have succeeded In it. In experiments in which 
intemipbon stood for success, the l/C ratio is often considerably 
diminished and may even drop below 1. 

Interrupted tasks owe their retention value, at least in part, 
to their interpretaUon as success and failure by the subjects. Such 
a statement, however, only serves to raise a furdier quesf/on: 
How do successful and unsuccessful tasks differ in their retention 
value? The experimental answers to this quesbon have often hem 

s Subjects not only retain a higher pn^ioruon of uncomplete 
tend spontaneously to resume them if given an opportunity to d 
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contradictory but order emerges out of the data when the char- 
acteristics of the subjects who succeed and fail in the tasks, are 
taken into account. Preferential retention for successes and failures 
is significantly correlated with personality characteristics of the 
subjects and with the importance which they attach to success and 
failure in any particular tasks. Thus, the more “proud” the indi- 
vidual, the more he feels his self-esteem threatened by failure, the 
more likely he is to remember a greater proportion of successes 
than failures. Similarly, the more important and significant he be- 
lieves the task to be as a measure of his ability, the more likely he is 
to favor successes over failures in memory. The measurement of 
independent variables such as “importance” and “threat to self- 
esteem” is often difficult and involves the use of ratings and judg- 
ments, the reliability and validity of which are far from perfect. 
Nevertheless, even rough classifications of subjects according to 
these variables show important differences in the retention of com- 
pleted and interrupted, successful and unsuccessful tasks. Rela- 
tionships such as these underscore the importance of considering 
the motivation of the subject in studying the determinants of 
retention. 

Retention as a Function of Interpolated Activity: 
Retroactive Inhibition 

We have studied degree of retention in relation to the conditions 
under which the original learning of the given material takes 
place. We now turn to a second group of determinants— the nature 
of the activities which fill the interval between the end of practice 
and the test of recall. We must emphasize again that time in and 
of itself does not do anything and is not a useful independent vari- 
able in the study of retention any more than it would be a useful 
independent variable in the interpretation of physical and chemical 
processes. Time provides us with a framework of measurement 
within which the lawful determinants of retention and forgetting 
take their course. Among these determinants, the activities between 
learning and recall are of paramount importance. 

The Concept of Retroactive Inhibition 

Retention After Sleep and Waking. The importance of the 
activity filling the interval between learning and recall can be 
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dramatically illustrated by comparing the effects upon retention of 
periods of sleep and waking. Periods of sleep and waking, which 
differ so clearly in amount of activity, affect retention in strikingly 
different ways. A period of sleep immediately following the end of 
practice greatly reduces tlie amount of forgetting as compared with 
a period of wakefulness. In one experiment, for earample, sub/eefs 
learned a list of nonsense syllables to a criterion of perfect mastery 
and then were tested after periods of 1, 2. 4, and S hours spent either 
in sleep or in ordinary wahng activities. At all points tested, A 
period of sleep resulted in superior retention. The differences are 
especially strildng after the longer periods. There is some forgetting 
during the first ^e^v hours of sleep but thereafter the amount of 
retention remains almost unchanged, whereas a period of »vakeful- 
ness yields a steady downward trend (forgetting curve). 

An interesting parallel to these findings with human subjects has 
been established with animals and, indeed, with a veiy humble 
eicperimental sub|ect-the cockroach. A cockroach can leam a simple 
discrimination response, such as turning toward a bright fight. Im- 
mediately after the training period, the insect may be completely 
immobilized by being put into a small dark bat. Following such a 
period of immobility, the discrimination is retained considerably 
better than after an equal period of physical activity. As in the 
case of human subjects, a period of physical inactivity protects the 
organism from forgetting. During such a period, few events can 
take place which would interfere with the results of learning. 

It is true that some forgetting does take place during sleep, espe- 
cially during the first fe\v hours after the end of practice. Even 
sleep does not mean the absence of all activity. A certain penod of 
time between the end of learning and the full onset ol sleep cannot 
be controlled. A certain amount of activity continues during sleep 
as the presence of dreams well illustrates. Even if intervening activi- 
ties were the sole causes of forgetting, retention could not be 
expected to be perfect after sleep. It would be rash, however, to 
make such a sweeping generalization about the causes of forgetting. 
^Vhat the superiority of performance foIio^ving sleep does demon- 
strate is that the activity between learning and recall is a major 
,t , . . ..r fetention. 

Ij... Hie adverse effect upon 

, , , . ■ • 1 . : ■ learning and recall is 
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described as rctroaciioc inhibUiou. The concept ma}' best be defined 
by the experimental operations which are u^d to establish and 

measure it. . 

Suppose there are an experimental group and a control group 
well matched in learning ability. Both groups learn, a task. A, to a 
criterion. We then treat the two groups differently during the reten- 
tion period. The experimental group learns another task, B, which 
often bears a certain amount of similarity to A {e.g., A and B may 
be two different lists of nonsense sj’llables). MTiile the members of 
the experimental group are learning B, the members of the control 
group “rest,” i.e., diey do not learn anything but are occupied xsath 
something which bears as little relationship to A as possible (e.g., 
if task A xvas learning a list of nonsense sj'llables, tiiey might read 
entertaining prose or perfomi a simple mechanical task). The 
members of both groups are then test^ for their retention of the 
original learning of task A. The time which has elapsed since the 
learning of A is e.xactly the same for the two groups; Aey differ only 
in the nature of the acti\ity filling that time intennl. To the extent 
.tliat the retention of the e-xperimental group is poorer than that of 
the control group, retroactive inhibition has taken place. The experi- 
mental paradigm of retroactive inhibition may be summarized as 
shown by the accompanying design. 

Experimental Group: 

Learn A Learn B Retention Testfor A 
Control Group: 

Leam A Rest Retention Test for A 

Difference = Retroactive Inhibition 

Retroactive inhibition, then, refers to the difference in degree of for- 
getting caused by the interpolation of a formal learning task as 
compared \rith a time inter\-ai free of formal learning actirit\'. Even 
the control group is not entirely inactive but the arnount of formal 
learning is minimized. 

Retroactive mhihition is an example of negative transfer. The 
learning and retention of any one particular task or skill is never 
entirely unaffected by prerious learning actirities of the subject. 
IVhenever the learning of a task, B, faciHtates the learning or reten- 
tion of another task. A, we speak of positive transfer. MTienever the 
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leanimg of a task, B, interferes with the learning or retention of 
another task, A, there is negative transfer (see Chapter 18). Retro* 
active inhibition is a special example of negative tonsfer because 
the learning of one task interferes with the retention of another. 

The tenn, retToactice inhibition, should not be interpreted to 
imply backward action of one activity upon another. The inter- 
polated activity (B) Interferes with the results or “traces" of the 
previous activity (A). The term is, perhaps, unfortunate because 
of its possible misinterpretation in the sense of backward action; it 
is used merely to emphasize that it is the retention for an earlier 
learned task with which the interpolated activity interferes. 

Deierminants of Retroactive Inhibition 

The basic paradigm and variations on it have been emplo)'ed 
with a wide variety of stimulus materials, under many experimental 
conditions, using several methods of measuring degree of retention. 
From this wealth of expenmentation, retroactive inhibition has 
emerged as a highly reliable and predictable phenomenon. At the 
same time, it has become dear that retroactive inhibition is not an 
all-or-oone effect but varies in degree over a wide range as a func- 
tion of a number of experimental variables. We turn nett to a con- 
sideration of the known deteimiDants of retroactive inhibition. 

Method of Measurement. Retroactive mhibition is inferred 
from differences between retention scores resulting from differences 
in interpolated activity, as in the paradigm above. Amount of 
retroactive inhibition depends, therefore, on the particular method 
of measuring retention Differences in active-recall scores are the 
most widely used, and are sensitive indicators of degree of retro- 
active Inhibition. On the first retest trial after interpolated activity, 
the differences between recall scores of the experimental group and 
the control group are likely to be considerable. This difference, which 
may be converted into a percentage of loss, provides a reliable 
measure of retroactive inhibition. If the test trials are continued, 
i.e., if the two groups are required to relearn the material to the 
original criterion of mastery, the differences between the hvo groups 
will become less and less on successive trials. The effects of retro- 
active inhibition are rapidly dissipated during relearmng, at least 
as far as th^ are measured by the numbers of items retained 
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Because of their initial advantage, however, the members of the 
control group will relearn the original material to mastery in fe\ver 
trials or less time than the members of the experimental group. 
Thus, , differences in- percent saving provide another measure of 
retroactive inhibition. Due to the transient nature of retroactive 
effects, this measure is likely to be less sensitive than active-recall 
scores obtained on the first test trial following interpolation. 

Other retention measures— e.g., scores on tests of recognition and 
tecohstruction— may also be used to gauge degree of retroactive 
inhibition although they are not as likely as the first two methods 
to yield fine discriminations between various conditions of learning 
and interpolation. In the case of both recognition and reconstruction 
tests, the, presence of the correct items on the test may serve as a 
rehearsal which counteracts, at least in .part, the effects of the 
interpolated activity. 

. Retroactive inhibition is most commonly measured by comparing 
the amounts retained under different conditions of interpolation. 
■' An interpolated activity ihay, however, not only decrease the sheer 
amount retained but also affect the efiBcieficy of performance for 
those parts of the original learning which are correctly retained. 
Retroactive inhibition may, for example, result in reduced speed of 
performance. Fig. 93 demonstrates the effects of an interpolated 
activity on the speed (reaction time) with which paired associates 
are anticipated. Even when only correct responses are considered, 
retroactive inhibition manifests itself in consistent slowing of reac- 
tion times. Similarly, an interpolated activity reduces the rate at 
which correct responses are given on an active-recall test. Temporal 
indices such as these illustrate the far-reaching effects of an inter- 
polated activity upon retention and the need for sensitive indices to 
gauge their full extent. 

Similarity Between Original and Interpolated Activities. 
However measured, amount of retroactive inhibition is determined 
to a large extent by the degree of similarity between original and 
interpolated learning (A and B in our paradigm). If the original 
activity (A) is leanung a list of nonsense syllables, an interpolated 
second list of nonsense syllables ( B ) will cause considerably more 
retroactive inhibition than the interpolated learning of a meaningful 
prose passage or of a motor skill. Two activities do not interfere 
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Avith each other too seriously if th^ involve entirely different tj-pes 
of 'responses. As the two activities become more similar and im-oKc 
more .responses in common, retroactive interference increases. 
Finally, the similarity between original learning and interpolated 
learning may become so great that the interpolated activity plays 
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Fic. 93. The Kieasurement of Retroactive Inhibition. Both retention 
scores and reaction times may be used to gauge the effect of an inter* 
pointed activity. During the original learning, the errors decline and 
reaction times become faster. After interpolation, errors increase and 
reaction times become slo^ver for the expenmcntal group. The control 
group, which had not interpolated learning, shows no comparable in- 
crease in errors and reaction times. These data were obtained in an etpen- 
ment using the method of paired assoaates. (From L. Postman and H. L. 
Kaplan, Reaction time as a measure of retroacbve inhibition, /. Exper 
Psychol., 1947, 37.141, by permission of the pumal and the American 
Psychological Association.) 

the part of a rehearsal or practice trial for the original activity and 
serves to strengthen its retention rather than to inhibit it. 

These considerations of the role of similarity of original and 
interpolated learning have led to the formulation of the Skaggs- 
Eobinson hypothesis which can best be understood by reference to 
Fig. 94. The abscissa of Fig. 94 represents a hj-pothetical scale of 
similarity between ongina! learning and interpolated learning, raug* 
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retroactive inhibition. Due to the transient nature of retroactive 
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tests, the presence of the correct items on the test may serve as a 
rehearsal which counteracts, at least in. part, the effects of the 
interpolated activity. 

. Retroactive inhibition is most commonly measured by comparing 
the amounts retained under different conditions of interpolation. 
An interpolated activity may, however, not only decrease the sheer 
amount retained but also ^ect the efficiency of performance for 
those parts of the original learning which are correctly retained. 
Retroactive inhibition may, for example, result in reduced speed of 
performance. Fig. 93 demonstrates the effects of an interpolated 
activity on the speed (reaction time) with which paired associates 
are anticipated. Even when only correct responses are considered, 
retroactive inhibition manifests itself in consistent slowing of reac- 
tion times. Similarly, an interpolated activity reduces the rate at 
which correct responses are given on an active-recall test. Temporal 
indices such as these illustrate the far-reaching effects of an inter- 
polated activity upon retention and the need for sensitive indices to 
gauge their full extent. 

Similarity Between Original and Interpolated Activities. 
However measured, amount of retroactive inhibition is determined 
to a large extent by the degree of similarity between original and 
interpolated learning (A and B in our paradigm). If the original 
activity (A) is learning a list of nonsense syllables, an interpolated 
second list of nonsense syllables ( B ) will cause considerably more 
retroactive inhibition than the interpolated learning of a meaningful 
prose passage or of a motor skill. Two activities do not interfere 
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J^vith each other too seriously if Uiey involve entirely different tj’pcs 
of'responses. As the tsvo activities become more similar and im-olve 
more .responses in common, retroactive interference increases. 
Finally, the similarity between ori^nal learning and interpolated 
learning may become so great that the interpolated acthitj' plays 
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Fic. 93. The Measurement of Retroactive Inhibition. Both retention 
scores and reaction times may be used to gauge the effect of on inter- 
polated activity. During the originai learning, the errors decline and 
reaction times become faster. After interpolation, errors increase and 
reaction times become slower for the experunental group. The control 
group, which had not interpolated learning, shows no comparable in- 
crease in errors and reaction limes. These data were obtained in an expen- 
ment using the method of paired associates (From L. Postman and ij. L- 
Kaplan, Reaction time os a measure of retroactive inhibition, J Exper. 
Psycho/., 1947, 37.141, by pennissioo of the journal and the American 
Psychological Association.) 

the part of a rehearsal or practice trial for the original activity and 
ser\'es to strengthen its retention rather than to inhibit it. 

These considerations of the role of similarity of original and 
interpolated learning have led to the formulation of the Shoggs- 
Rohinson hypothesis which can best be understood by reference to 
F/g. 94. The abscissa of Fig. 94 represents a hypothetical scale of 
similarity between original learning and interpolated learning, rang* 




374 EXPERIMENTAL PSYCHOLOGY,. 

ing from complete identity (A) to complete unrelatedness (C)...‘ 
On the ordinate is plotted relative degree of retention following 
interpolation. According to the Skaggs-Robinson hypothesis, rela- 
tive degree of retention is maximal when the two activities are 
identical. The transfer from one task to itself is positive. As rfmi- 
larity decreases, so does degree of recall until it reaches a minimum 



oecREE OF similarity between interpolated activity 
AND ORIGINAL MEMORIZATION - DESCENDING SCALE 

Fig. 94. This Hypothetical Curve Shows How 
Efficiency of Recall in a Retroactive Inhibition Ex- 
periment Varies as a Function of the Degree of 
Similarity Between Original and Interpolated Learn- 
ing. When similarity is very great (A) or very small 
(C), efficiency is hi^, i.e., there is little interference. 
Maximum interference occurs with an intermediate 
degree of similarity (B). (From J. A. McGeoch, The 
psychology of human learning, 1942, p. 462, by per- 
mission of Longmans, Green & Co., Inc. After E. S. 
Robinson, the "similarity” factor in retroaction 
Amer. /. Psychol, 1927, 39:299, by permission of 
the journal.) 


at an interme^ate degree of similarity (B). At this point, the two 
activities involve a sufficient number of common responses to pro- 
vide considerable opportunity for interference, but they are too far 
removed from identity to aUow mutual facilitation. Two lists of dif- 

noSl of this condition. At 

point B, then, the transfer from one task to the other is predomi- 
nantly negative. As the similarity between the two tasks decrea^s 
even further, m the direction of complete unrelatedness degree of 
retention nses until it reaches a second maximum at C. At J the 
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two tasks do not involve any common responses and there is lilUe 
or no opportunity for interference. However, retention cannot be 
as high at C as it is at A, since complete identity of the original and 
interpolated tasks (A) means additional practice, whereas com* 
plete unrelatedness (C) simply implies o minimum of interference 
but no additional practice. 

The SkaggS'Robinson hypothesis has received at least partial 
verification in experimental investigations of retroactive inhibition. 
Separate sections of the theoretical curve have been empirically 
approximated. Identity of original and interpolated learning docs, 
of course, result in maximum retention. Any degree of similarity 
less than identity results in lower retention, increased retroactive 
inhibition (A-B section of Skaggs-Robinson curve). It has also been 
shown that over a considerable range, the amount of retroaction 
decreases, with decreasing degree of similanty (B-C section of 
c; « » • . I* ’ ». * ! ” ’ • ’ • i» , r . » . 


94 has remained a theoretical model. The most serious obstacle to 
a conclusive test of the theory has been the difficulty of varying 
similarity of the interpolated activity continuously over a range as 
\vide as that demanded by the theory. 

We are thoroughly accustomed to think in terms of similarities 
and dififereoces, but these concepts are difficult to measure and 
manipulate experimentally. Strictly speatang, similanty is a matter 
of the learner's perception of the stimulus materials: the experi- 
menter must always guard against ascribing his own perception of 
similarity to the learner without independent test. Learning mate- 
rials, moreover, may be similar or different in many respects: simi- 
larity can vary along many dimensions. Two learning tasks may be 
similar because they contain common (identical) elements or items, 
or because they are more or less alike in meaning. There may be 
similarity with respect to the set under which hv-o tasks are per- 
formed or wth respect to the operations and responses required of 
the learner. All such similarities have demonstrable effects on the 
degree of retroactive inhibition. 

Similarity must be carefully defined in terms of the operations 
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which the experimenter uses to make the stimulus materials similar. 
A few examples will illustrate this point. 

Similarity due to common elements. The similarity between two 
learning tasks may be due to the fact that they contain common 
elements or items. For example, it is possible to construct lists of 
nonsense syllables which overlap in structure. List A may contain 
the foUowirig syllables: HUJ, CEX, WAP; List B: HUZ, DEX, WIP. 
These syllables have two out of three letters in common. If similar 
syllables appear in corresponding positions in the two lists (as is 
the case.in the example above), the degree of similarity between the 
two lists is enhanced. Two motor tasks may call for partially, but 
not entirely, identical movements; two mazes may have partially, 
but not entirely, identical paths. In all such cases, degree of simi- 
larity is defined by number of common stimulus elements. 

Similarity of meaning. Stimulus materials may not be alike for- 
mally or physically and yet be perceived and responded to as similar 
because of common meaning and interpretation. Synonyms ex- 
emplify this dimension of similarity. When the original learning 
consists of a list of meaningful words, interpolation of a list of 
synonyms causes greater retroactive inhibition dian the interpolation 
of a list of unrelated meaningful words. Such similarity can some- 
times be defined a priori on the basis of dictionary meaning. An 
alternative and preferable procedure consists of obtaining ratings 
or judgments of similarity from a group of independent judges. In 
this manner, a rough scale of similarity can be constructed and 
amount of retroactive inhibition compared for different degrees of 
similarity. The rating procedure can be used for approximate 
scaling of similarity with a wide variety of stimulus materials, such 
as words and geometric designs. 

Similarity of operations. Quite apart from the nature of the stimu- 
lus materials, tasks may be similar or different with respect to the 
types of responses or operations required of the subject. One list 
may, for example, be learned by the method of anticipation, the 
other, by the method of complete presentation. Similar or different 
motor responses, such as approach and withdrawal, may be called 
for in original and interpolated learning. In general, similarity of 
operations leads to increased retroactive interference. 

Similarity of set. Similarity of operations is an example of a more 
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general dimension, similarity of set. The operation of a set results 
in selective response to the stimulus material and, hence, learning 
and retention. Amount of interference varies wth the extent to 
which original and interpolated learning are carried on under the 
same or different selective sets. Similar selective sets jnaximizc the 
responses common to the two tasks and increase retroacti\'e fnhibi* 
tion. If one passage is memorized verbatim and another learned ."for 
understanding,” (here is less interference than if both are learned 
under the same set. In general, the more different the sets under 
which the original and interpolated activity are learned, the les:. 
will be the retroac^ve interference. ^Vhatever seires to reduce the 
responses common to the original and interpolated aclirity, de- 
creases the amount of rctroa^ve inhibition. The importance of 
“functional IsolaUon" of the two activities is dramatically illustrated 
^v^th the aid of hypnosis. If one of the tasks (either original or 
inteipolated) is learned under hypnosis while the other is learned 
in a state of wakefulness, the amount of retroactive inhibition is 
reduced as compared with normal conditions (both tasks learned 
in a waking state). 

To summarize our discussion of the factor of similarity: whale\*er 
leads to establishment of incompatible or competing responses hr 
the~'original and interpolated activiUes, increases retroactive inhibi- 
tion. In practice, similarity behveen the two activities (short of 
identity) with respect to materials, methods and sets will, over a 
wide range, result in decreased retention of the original task. 

Amount and Strength of Original and Interpolated learn- 
ing. Holding the nature of the tasks and the subject’s set constant, 
amount of retroactive inhibition depends on the strength to which 
original and interpolated learning are carried, as well as on the 
amount of the two activ^ties. 

The better learned (or the more overleamed) the original ac- 
tivity is, the less susceptible it is to retroactive inhibition. A strongly 
established response cannot be easily disturbed. A simple example 
will illustrate this point. We continually (and often to our embar- 
rassment) forget the names of new acquaintances, probably be- 
cause there is considerable retroactive inhibition among poorh' 
learned names or name-face assodations. No matter ho"’ many nf’*’ 
names we have to leam, however, there is no retroactive inhibidi^ 
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for our owTi names or tljose of mir dosest friends-tliese responses 
are too well cstablislicd. In experimentiil practice, Oie greater tile 
frequency of repetitions of line original material or the more evact- 
in«f tlie criterion to wiiidi it is carried, tlie less is llic detrimental 
effect of an -interpolated actirit)’. 

The interpolated activit)* must be learned to at least a minimum 
strength in order to be an effective inhibitor. If die interpolated task 
is greatly overleamed, however, it cannot be easily "confused'’ Avith 
die original acKrit)', and amount of retroactive inhibition 
diminishes. If amount of retroactive inhibition is plotted against 
degree of interpolated leaniing (odiex things being equal), we 
obtain a function wliidi rises to a m.ariiuum and then dedines as the 
strengdi of die interpol.ated leaniing e.vceeds a certain A-alue. 

In addition to die strengdi of die origin.al and interpolated learn- 
ing taken separately, it is necess.ar\' to consider their strength rda- 
tive to eadi odier. If one is eatrenidy strong as compared with the 
odier, diere is litde mutual interference. Maximum retroaction 
occurs when original and interpolated le.aming ;ire appraxiniatelv 
equal in strengdi. If bodi ta.sks have been le.anied to a moderate de- 
gree, considerable interference effects ni.ay be expected. 

Temporal Point of Interpolation. The interpolated actirih' 
may be introduced at \nr)-ing time intennls after die end of die 
origin.al le-aniing. An interpolated task may effectivdv reduce the 
eiSdency of recall even if it is introduced a long time after die end 
of practice. In all probabilit)-, an interpolation will have some 
detrimental effect so long .as there is retention for the original 
actirit)'. 

Amount of retroacdon ni.ay varj- with die exact point in time at 
xvhidi the interpolated acti\it>- is introduced. Let us assume a 
constant time interx'al between the end of practice and die test of 
retention. -Mi interpolated actirit)' may be introduced at \-arions 
intennediate points. The experimentarwork on the effect of dm 
wiri.able has been neidier extensive nor conclusive. Nevertheless, 
die eridence points to two temporal lod of interjiolation which nro^ 
duce maximum interference; ( 1 ) interpolation .shortly after the W.d 
of practice, and (2) inteqiolation shortly before the test of reten- 
tion. Other times of inteqiolation jaeld intermediate degrees of ret- 
roaction. It is possible that the process of retroactive inhibition may 
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be due lo two factors. One of these factors may have nmimuin 
effectiveness immediately after the original learning, the other, 
shortly before recall. In this way the existence of the two maximally 
effective points of interpolation could be explained. It is to a con- 
sideration of such a hvo-factor theory that we turn next. 

A TwoTactor Theory of Retroactive Inhibition. Consider 
a typical experiment on retroactive inhibition: original learning- 
test— interpolated activity— retest. If we analj-ze carefully the records 
obtained on the retest, we frequently find intrusions from the inter- 
polated activity. For example, ^Uables or words from the inter- 
polated list win appear among the items recalled from the original 
h'st. The occurrence of such overt intrusions suggests that retro- 
active inhibition is due, at least in part, to competiUon among re- 
sponses established during original and interpolated learning. Such 
competiUon can best be demonstrated when the following experi- 
mental procedure is used: 

Original Learning Interpolated Learning Hetest 
A-B A-K A-B 

The experiment is of the paired-assodate type. The left*hand mem- 
ber of the pair (A) is the same during original and mterpolaled 
learning. The right-hand member varies (B and K). In this manner, 
two different incompaUble responses, B and K, are connected with 
A. During the retest, these two responses compete wth each other, 
and there may be frequent overt introsions of K in the pbee of B. 

Overt Intrusions, however, do not account for the total amount of 
loss due to the interpolated activity. For this reason, another factor- 
someUmes called ‘‘unlearning’*— has been postulated. During the in- 
terpolated learning, some of the original responses may be so much 
weakened or inhibited that they arc made completely unavailable 
for recall, i.e., they are ‘‘unlearn^.’* Sudi unlearning may have some 
of the properties of the extinction of condiUoned responses. During 
the interpolated activity, the original connecUons, e.g., A-B in our 
paradigm, fail to receive any reinforcement, since the correct con- 
necUon now is A-K, and, failing of reinforcement, become weaker 
and weaker until they are unlearned. 

According to the rivo-factor theoiy, then, the process of retro- 
acUve inhiblUon may be conceptualized in terms of hvo factors- 
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unlearning and competition among responses. Unlearning cpnsisb; 
of the weakening of the original responses so that they are no Ibnger 
available for recall. Competition of responses results from the fact 
that two incompatible response tendencies are acquired during 
original and interpolated learning. These response tendencies com- 
pete with each other during the retention test. 

Retention as a Function of the Test Situation 

It would be an error to localize the determinants of forgetting 
exclusively in the conditions of original learning and in the time 
interval between the end of practice and recall. The conditions at 
the time of the retention test are of critical importance. We have 
already emphasized that degree of retention is a function of the 
particular test used. With any given test, maximum retention is 
obtained if the original training procedure has involved preparation 
for the type of test by which retention is measured. 

■ The context in which retention is measured is important. The 
learner forms associations not only among the items which he ex- 
plicitly attempts to master but also between the performance of his 
task and a definite environmental context. Physical environment, 
time of day, the personality of the experimenter, the presence or 
absence of an audience— all these form a background of stimulation 
wth which the performance of a specific task is more or less 
strongly associated during the practice period. When retention is 
tested, an environmental context identical, or at least very similar, 
to the practice situation provides strong “behavioral support” to the 
learner. There is good experimental evidence that alterations in en- 
vironmental context impair the efBciency of retention. Those who 
have had occasion to perform a familiar task in an unfamiliar en- 
vironment can readily verify this fact. 

In some ways, the effects of altered stimulus context are related 
to retroactive inhibition. A new or changed environment requires 
new adjustments, new associations, as it were, between situation and 
the performance of the task. These new associations interfere ■with 
those formed during the original practice period. Such interference 
is not very serious if the task has been overleamed to a degree which 
makes it independent of supports from the environmental stimulus 
context. In this respect, too, there is a parallel to retroactive inhibi- 
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' libo, for higWy overlcarned acU\iUe$ cannot be affected appreciably 
by interpolated tasks. Retroactive Inhibition and the detrimental 
effects of altered stimulus contexts are seen to be continuous and 
governed by similar principles In both cases, the retention of the 
original activity is disrupted by the intrusion of new associations. 

KEifINISCENCB 

The Phenomenon of Reminiscence. In general, degree of re- 
tention continually diminishes as the time interval beti\'een the end 
of practice and the test of retention Increases. Under certain con- 



Frc. 95. Retention Curve Shelving the nemiaiscence Phenomenon. 
(After L. B. Ward, Reminiscence and rote learning, Psychol. Monogt,, 
1937, 49, No. 220, p. 30, by permission of the journal and the Amcncan 
Psychological Association,} 

ditions, however, the curve of retention shows a reversal: amount 
retained at first increases as a function of time and then decreases 
in the usual manner. Such a temporary improvement in performance 
occurring without the benefit of practice is known as reminiscence 
Fig. 95 presents a retention curve showing the reminiscence phe- 
nomenon. The fact of reminiscence underscores the point that 
time in and of itself is not a condition of forgetting, for processes in 
time may lead to an increase rather than a decrease in retention. 

Experimental Denwnstration of Reminiscence 

Two procedures have been used to demonstrate reminiscence. 
Successsive Test Performances. Subjects are given a certain 
amount of practice and their retention is tested. Some time later 
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■follmvfng the criterion test. The other group rccci\es a retest some 
time after the criterion test. Typically, short intervals of the order 
of a few minutes are used, Dtiring this interval, an attempt is usually 
made to control the subjects’ activity in order to prevent or mini* 
mize rehearsal. For example, if the learning material consists of 
verbal items, the subjects may be engaged in naming colors or other 
tasks which are as unrelated os possible to the activity practiced. 
Comparison of the performances of the two groups on the retest 
yields a measure of reminiscence. If the retest following the criterion 
test after an interval of time yields better results than immediate 
retest, reminiscence has occurred. The percent difference behvecn 
the two retests yields a measure of reminiscence. 

This procedure minimizes the problem of Infonnal rehearsal by 
using short time intervals during which the subjects* activity can be 
reasonably well controlled. The problem of practice effects Is held 
constant since both groups receive a test and a retest. The better 
equated the hvo groups are, the more valid the conclusions regard* 
Ing reminiscence which can be based on such an experimental pro* 
cedure, since differences between them can then be asenbed to the 
difference in time interval between test and retest. 

Determinants of Heminiscencc 

At first glance, the fact of reminiscence appears most improbable. 
^Vhy should performance improve rather than dedine as a function 
of time without intervening practice? Again, time in and of itself 
does not do anything. The time interval between test and retest 
does, however, allow inhibitory effects which accumulate during 
practice to be dysipated. In serial learning, for example, remote 
associations are formed among nonadjacent items, leading to an* 
ticipatory and perseveratJve errors (for a full discussion of intia* 
serial inhibition, see pp. 023-326). In motor learning, inadequate 
and wrong responses are acquired along with the correct ones 
Wrong and inadequate responses are reinforced less frequently and 
are, therefore, weaker than correct responses. During the time in- 
terval following the end of practice, such weak responses are for- 
gotten more quickly than the stronger correct responses. Such 
differential forgetting may account at least in part, for the improve- 
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In spite of such supporting evidence, the inhibitory or differential 
forgetting theory of reminiscence cannot as yet be regarded as 
established fact. There are results on record showing failure of 
reminiscence even when infrascriaJ inhibition (as-shmvn, for ex- 
ample, by serial position effects) Is present \Vhether factors other 
than the dissipation of inhibition may be responsible /or reminls- 
cence must remain an open question. 

Degree of I^eaming. Reminiscence, like all measures of re- 
tention, varies wth tbc degree of mastery to which learning has 
been carried. If learning is poor, there is little reminiscence, for few 
associations are strong enough to be elicited on the retest On the 
other hand, if the degree of learning is great there is hltJe room 
for improvement or reminiscence. It is thus for intermediate degrees 
of learning that the number of items reminisced is greatest. As far 
as relative reminiscence is concerned, l.c., the percentage of the 
number of items in the total list which is reminisc^, it tends to %’ajy 
inversely with degree of learning. 

Measurement of Reminiscence. Reminiscence is defined as 
improvement in retention without benefit of practice. Comparison 
of retention scores obtained immediately and at different time 
intervals after the end of practice thus provides a measure of 
reminiscence. Before designating improvement in retention as 
reminiscence, the statistical significance of the inaeroenl in reten- 
tion must be tested. 

In actual experimental practice, the comparison of average reten- 
tion scores has been found unsatisfactory in the measurement of 
reminiscence. The difficulty is that iu a group of subjects, some will 
show reminiscence while others wll not Reminiscence by some and 
forgetting by others ^vill cancel each oUier when the results are 
averaged. For this reason, experimental reports often .state the per- 
centage of subj’ects who show reminiscence. If a larger percentage 
of experimental subj’ects shows reminiscence than can be expected 
on the basis of chance variation, there is evidence of reminiscence. 

Reminiscence can also be gauged by an analysis of individual 
items. We can tabulate the numbCT of items which persist from first 
test to retest. It is the new items whidi failed to appear on the first 
test but appear on the retest which constitute reminiscence. The 



gg0 EXPERIMENTAL PS YCHOLO'GY.f 

results of such an item analysis appear in Fig.. 96, The number of 
items recalled on the test immediately following practice constitutes 
the 100-percent level and subsequent recalls are expressed as per- 



Fig. 96. The Measurement of Reminiscence. 

This curve shows to what extent reminiscence is due 
to the appearance of new items on successive tests. 

The upper curve shows the total retention scores at 
varying time intervals after the end of practice. The 
lower curve shows the retention for those items 
which were recalled on the test immediately follow- 
ing learning. While some of the originally recalled 
items are forgotten, new items come in, yielding 
recall scores about 100 percent. The shaded area 
represents the reminiscence effect due to the appear- 
ance of new items without practice. (After P. B. 

Ballard, Oblivescence and reminiscence, Brit. J. 

Psychol. Monogr. Suppl, 1913, 1:22, by permission 
of the journal.) 

centages to that base. The lower curve in Fig. % shows the per- 
centage of items persisting from test to retest; the upper curve 
shows the total retention scores obtained at varying time intervals 
after the end of practice. 'Wdiile some of the items originally recalled 
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are forgotten, nerv items come In and cause the total recall curs-e 
16 rise above ICO. The shaded area, therefore, represents the reminis- 
cence elfect-the new items svhich ate recalled svithoul lutervcnlng 
practice. • ® 

Expijument XXII 
RimoAcnvE iKjnBmoy * 

Purpose. To demonstrate ihc phenomenon of retroactive Inhibition 
and to study one of its most important deterralnanls-similarity of original 
and fnferpoiafed learning. 

Materials. A list of 12 hvo-syllable adjectives (list A), a second list 
of 12 hv-o-syllaWe adjectives (list B), which arc synonyms of the adjec- 
tives in List A, and a list of 12 three-place numbers (List C) are required. 
A memory drum Is used for the exposure of the stimulus Items. Prepared 
score sheets as shown on p. 345 are required for recording the results. 

Procedure. The subjects are divided Into three groups: two Experi- 
mental Groups— the Similar Group and the Different Croup— and ■ Con- 
trol Group. 

The procedures used with the three groups are as IoHowx: 

1. Similar Croup. The memben of this group leans List A by the method 
of anticipation to the criterion, one perfect repetition. Immediately 
after reaching this critenon, these subjects receive six trials tnth 
List B.* They ate then given a rest period of 5 minutes during which 
they read some light prose or engage in some other activity unre- 
lated to the learning task. It is Important to control the activity of the 
subjects during the rest period in order to prevent review. At the end 
of the rest period, List A Is relearned to a criterion of one perfect 
repeh'b'on. 

2. Different Group. The procedure for this group Is identical with that 
for the Stmihr Croup except for the interpolated actirily. In this case, 
List C is interpolated for six trials. 

S. Control Group. The members of this group learn List A to criterion, 
rest (i e., engage in an activity unrelated to the learning task) and 
then relearn List A to criterion. It is naturally important that the 
length of the rest period be equal to the amount of time which 
elapses behveen the end of learning A and the relearning of A in the 
case of the experimental groups. 

s A constant number of practice trials is used for the Jnteroobt^ condition 
in order to make possible equation of the xetenUon intervals of the three group*. 
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The experimental design illustrates the paradigm conventionally used in^ 
the study of retroactive inhibition. It may be summarized as follows: 

Control Group: 

Learn A Rest Relearn A 

Similar Group: 

Learn A Learn B Rest Relearn A 

Different Group: 

Learn A Learn C Rest Relearn A 

The Control .Group, then, rests wliile the experimental groups practice 
an interpolated activity'. The two experimental groups differ from each 
other in the nature of die interpolated activity. For lire Similar Group, 
the original and die interpolated activities are very much alike, viz., one 
list consists of sjmonyms of the other. For die Different Group, the two 
activities are much less similar, a list of adjectives and a list of tliree- 
place numbers. 

" Treatment of Results. Retroactive inhibition is defined as decre- 
ment in retention due to an interpolated activity. To demonstrate this 
effect, we compare the relearning performance of the Control Group rvidi 
that of tire Experimental Groups. 

Two measures of retention may be used: (1) tlie number of items cor- 
rectly anticipated on the first relearning trial, and (2) the number of 
trials required for relearning to criterion. These tivo measures are com- 
puted for die Control Group and the Experimental Groups (at this stage 
of die analysis, the data for die tivo experimental groups may be pooled). 
If die performance of the Experimental Groups is significandy poorer 
dian diat of the Control Group, retroactive inliibition has been dem- 
onstrated. 

To evaluate the effect of similarity of original and interpolated ac- 
tivity, relearning performances of die two e.xperimental groups are com- 
pared with each odier. The same two measures of retention — ^number 
of items correedy anticipated on die first relearning trial and number of 
trials required to relearn to criterion-are used. Comparison of the two 
experimental groups on diese measures will show whedier or not, and to 
what extent, the degree of similarity of original and interpolated learning 
has influenced the amount of retroactive inhibition. 

The results of this experiment also provide data for plotting serial 
position curves. 



‘RETENTION AND FORCETTINC-I 


SS9 


’ Extehiment XXIII 

REnrsnoN for Co.MrtCTii> ant* iNTomu mj) Tasis^ 

Purpose. To test the hypothesis that, other things being equal, in- 
terrupted tasks are retained better than completed tasks. 

Materials. For the purjKiscs of this ciperimcnl, it is necessary for the 
subject to perform a large number of tasks, say, hscnty. Tlie taslj should 
meet hro requirements; (1) it should be possible to complete each of 
them witliin a fairly short period of time, such as 3 to 5 minutes; (j2) it 
should also be possible to interrupt these tasks at any time prior to com- 
pletion. They should not, therefore, be problems which the subject can 
solve by a verbal formula or by recognition of a prindple. For these rea- 
sons, manual tasks, such as card sorting, t\\cezer.dcxtcrity tests, cancella- 
tion of letters, arrangements of blocks, coding exercises, etc., are suitable. 
For a list of twenty tasks successfully used in this type of experiment, see 
the monograph of Martin.® 

Experimental Design. The problem of this experunent is to deter- 
mine whether interrupted tasks are remembered better than completed 
ones. The subjects ore, therefore, allowed to finish half the tasks and are 
interrupted in the performance of the other half. We must make sure, 
however, that whatever differences in retention are found may be reason- 
ably ascribed to the factor of interruption ratJicr than to differences in 
the ease with which various tasks can be remembered. (One task may be 
more familiar, more vivid, more interesting than another and be remem- 
bered better for these reasons.) 

For purposes of controlling possible differences in the case of remem- 
bering the vanous tasks, we divide the subjects into two groups. The 
first group is allowed to complete all the even-numbered tasks (a number 
having been assigned to each of the tasks) and is intcmipled in the per- 
formance of the odd-numbered ones, the second group is al/owed to com- 
plete the odd-numbered tasks and interrupted in the performance of the 
even-numbered ones. Of course, the order in which the tasks are pre- 
sented should be randomized, and unifonn alternation of completed and 
interrupted tasks should be avoided. 

procedure. It is essential that the subject be in ignorance of the pur- 
pose of the experiment, rfe series of tasks is presented to the subject 
under some plausible pretext, c-g. that his codperaUon is needed in the 


* Only “naT'e" subjects can be used in this experiment 

# J. R. Ktartin, Reminiscence and Gestalt theory, Ptyc/iol. ^^on(^gr, 
No. ibsl 


lOiO. 32, 
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standardization of a series of tests. Above all^ the subject should hot be 
led to suspect that his retention for the tasks will be tested. 

The subject performs the entire series of tasks duriiig one session. Thh 
tasks are presented to him, one by one, with appropriate instructions. If 
a task has been earmarked for interruption, the experimenter watches tlie 
subject’s performance closely and interrupts his work before completion. 
The experimenter informs the subject that he has. reached the time limit 
for this test and, after a brief rest period, introduces him to the next 
task. If, on the other hand, a task is scheduled for completion, the sub- 
ject is, of course, allowed all the time he needs to carry it out. It is de- 
sirable that the average time spent on completed and interrupted tasks be 
equal. 

A few (say, 3) minutes after the last task has been completed, the ex- 
perimenter hands the subject a piece of paper and requests him to write 
down all the tasks that he remembers doing during the preceding session. 
The subject is allowed to continue until he fails to remember anything 
for a predetermined period (say, 5 minutes). 

Treatment of Results. The experimenter tabulates the number of 
completed (C) and interrupted (I) tasks recalled by the subjects. He 
then divides the number of incomplete by the number of completed tasks, 
thus determining the J/C ratio (see p. 367). If the ratio is greater than 
one, interrupted tasks are remembered better than completed ones. Con- 
versely, superior retention of completed tasks would yield a ratio smaller 
than one. The significance of the diflFerence behveen the average numbers 
of completed and interrupted tasks remembered must be tested. 
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RETENTION AND FORGETTING - 
II: QUALITATIVE CHANGES 


IN THE course of time, we not only remember less and Jess of what 
we have learned, but what we do remember frequently suffers 
serious transformah'ons and distortions. We can increase our insight 
into the processes of remembering and forgetting if we do not limit 
ourselves to the meoiSuremeDt of the sheer amounts remembered 
and forgotten over a period of time. We must abo examine carefuUy 
the types of qualitative changes and errors which characterize the 
temporal course of memory. Eventually, such qualitative changes 
may lend themselves to proper quantification. TTie hv/n problems of 
memory loss (decreases in amount remembered) and memory 
change (transformations, distortions, and errors) must always be 
considered together, for they are complementary aspects of the 
same process. 

The Riocess of Memorv Chance 
The Concept of Trace. In theoretical discussions of memory, 
it is convenient to refer to the more or less lasting results of Ieain> 
Ing as traces. In its broadest seiue, the term trace refers simply to 
the modification which the organism has undergone as a result of 
learning. Having learned, the organism is no longer the same as it 
was: learning has left a trace in the organism. Use of the concept 
of trace does not necessarily imply any assumption about the 
physiological or neurological counterparts of learning. Trace is a 
hypothetical concept which helps us develop a convenient termf* 
nology about the memory process. One of the tasks of memory theory 
has been to ask the question: What is the fate of the memory trace 
in time? How does it develop and change? 

S9S 
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The Fate oE the Trace in Time. Does the trace merely 
teriorate in time, become,, as it were, more and more blurred and ; 
hence increasingly inefficient in recall? Or does the trace change 
and develop in systematic ways? A considerable amount of Aeor 
retical and experimental argument has centered around this ques- 
tion. Some psychologists have believed that the development of the 
trace in time' follows the 'same general laws as does perceptual 
organization (see Chapter 8). According to .this view, the trace 
.tends 'to- develop progressively in the direction of greater simplicity, 
symmetry,' and closure so as to conform more and more to the laws 
of ‘"good” ’figure. This theory of the "dynamic evolution” of the 
trace has riot remained uncontested by those who believe that the 
temporal development of the trace is simply in the direction of de- 
•creasing accuracy and efficiency. We shall now review the main ex- 
perimental findings and the methodological problems which arise 
in attempts to test hypotheses about the temporal development of 
the memory trace. 

The Method of Successive Reproduction 

The Nature of the Method. Progressive changes in the na- 
ture of the trace must be inferred from progressive changes in 
retention measured after various retention intervals. For this pur- 
pose, many investigators havemsed the method of successive repro- 
duction. In a typical experiment, the stimulus materials (usually 
geometric designs) are presented to the subject, and he is then re- 
quired to reproduce them at different time intervals after the 
original exposure. The important feature of the method is that the 
same subject reproduces the same materials on several successive 
occasions. It was believed that progressive changes in the repro- 
ductions would reflect the development of the memory trace of the 
original stimulus. Geometric designs were generally used as stimulus 
materials because they are ideally suited for testing the hypothesis 
that the memory trace develops in accordance with the laws of per- 
ceptual configuration. The time intervals over which successive 
reproductions were obtained have varied and often extended over 
several months. 

Progressive Changes in Successive Reproductions. Consider 
Fig. 97. The figure shows two stimulus designs and three succes- 
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siyc reproductions of these designs obtained from the same subject 
(a child of school age). The first reproduction was made irnmedi* 
ately after presentation of the stimulus, the second drawing 
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Fic. 97. Progressne Changes in 
Successive Reproductions of Visual 
Stimuli At the top of the figure are 
the original slimuL and below it three 
successive reproductions obtained 
from the same subject (a child), im- 
mediately after presentation (i), after 
two weeks (2), and after 4 months 
(3) (From G. W. Allport, Change 
and decay in the sisual memory 
image, Bnt. J Frychof , 1930, 2i:I33, 
by permission of the |oumal ) 


made two weeVs Ktet, c,o4. the third, four mervths after exponte to 
the stimulus material. Qearly, the changes in these sueccssis-c 
reproductions are not haphazard but shosv a progressis-e trend 
toward greater syrrunetry and slmplicit)’. Features of the design 
which disturb a simple and i^mimetncal organization, such as the 
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jncnual proportions of the sides in the truncated pyramid and thb 
center stalk in the key, arc eliminated. Tlie final product is a simple 

and compact ''good” figure. 

It must be noted, however, that progressive unidirectional 
changes have not always been found in successive^ reproductions. 
Frequently, reproductions show progressive changes in some respect 
blit not in others. Again frequently, clear progressive changes fail 
to appear. When they do occur, progressive chnnge.s in reproduc- 
tions can be described in terms of a few general principles of do- 



Fic. 98. This Figure Shows How Dl/Tcronccs in 
Interpretation of n Stirmilu.*! Lead to Differences in 
Rcproduclion. The labels attached by the subject to 
the .slimulus figure arc given below tlic correspond- 
ing reproduction. (From G. W. Allporl and L. Post- 
man, The psychology of nnnor, 1047, p. 140, by 
pennission of Henry Holt and Company, Inc. After 
J, J. Gibson, Reproductions of visually perceived 
forms, /. Exper. Psychol., 1929, 12:1-39, by per- 
mission of the journal and tlic American Psycholog- 
ical Association.) 


vclopmcnt. First of nil, complex figures arc leveled in the course of 
time, i.c., many details drop out or are equalized so as to make the 
resulting figure simpler and more uniform. Complemcntaiy to level- 
ing is die proces.s of sharpening. Some features of tlie original figure 
are not only preserved in successive reproductions but are em- 
phasized and exaggerated. Thus the unequal sides of the truncated 
pyramid in Fig. 97 arc leveled out, but the rectangular frame is 
preserved and finally .sharpened into a double square. 

Concurrently wiflj leveling and sharpening, a process of assitnih- 
ttoii occurs: details of complex stimulus objects are changed so ns 
to conform to normal expectations and established habits of percep- 
tion, Often such assimilation is due to a verbal label or description 



'^.tCeTENTION and FORGETTING-ri 399 

which is attached to a geometrical design. Fig. 93 illustrates the 
process of assimilation in memory. The figure shows a stimulus and 
its reproductions by subjects who attached different verbal labels 
to it. Tlie experimenter did not name the designs, but tlie subjects 
did when they first percei%-ed them, and their subsequent reproduc- 
tions were clearly assimilated to the conventional picture of the 
object named. Both the initial perception of the object and subse- 
quent memory changes are significantly affected by verbal labels. 

The influence of verbal bbels on percepb'on and memory <an be 
strikingly demonstrated by Intentionally attaching different labels 
to the same geometrical figure. In one experimental investigation, 

oo cyo CO 

STIMULUS CYtCLASSCS OUMBBQX 

Fic. 99. Mnemonic Assimilation to Verbal 
Labels. Here is a stimulus figure and its reproduc- 
tions by two subjects to whom it had been presented 
with different verbal labels-*’eyeglasse$" and *duml> 
bell." {From G. W. AUport and L. Postman, The 
pst/chohgy of rumor, 1947, p. 143, by permission of 
ilenry Holt and Company, Inc. After L. Carmichael, 

H. P. Hogan, and A. A. Waller, An experimental 
study al the effect of language on the reproduction 
of visually perceived forms, /. Exper. Psychol., 1932, 

15:75, by permission of the journal and the Ameri- 
can Fs>'cho]ogical Association.) 

the subjects were shown a set of geometric designs, each of which 
resembled two well-knovvn objects. For some subjects, one name was 
attached to a given design, to other subjects, the alternative name 
was given. When the subj'ects later reproduced the designs as 
accurately as they could, the influence of the verbal labels on their 
memor)' was dramatically proved. Fig. 99 shows a stimulus 
figure which for one subject was called “e)'eglasses,* for the other, 
“dumbbell " The reproductions are well assimilated to the habitual 
appearance of these objocis. Since human subjects rely very heavily 
on verbal responses in most problem and learning situations, assimi- 
lation to verbal labels is a critical factor in memory change. 

Progressive Changes in Memory for Verbal Materials. Tbe 
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method of successive reproduction has also been used with yerbd 
materials.^ The general procedure is the same as in fhe case of geo- 
metric designs, A passage of- meaningful material (usually a prose 
passage) is shown to the subject who is then required to reproduce 
it at varying time interv'als. The progressive changes in the repro- 
ductions of verbal' materials follow the same general pattern as in 
the case of -visual forms and may be again subsumed under the gen- 
eral headings of leveling, sharpening, and assimilation. As time goes 
•on, the reproduction becomes shorter and shorter, i.e., it is leveled 
rq the omission of an increasing number of items. At the same 
time, a. few features of the original story become dominant (are 
sharpened) and the details of Sie reproduction are arranged and 
grouped so as to fit in with the sharpened items. Finally, the repro- 
duction as a whole tends to be reorganized and simplified into a 
coherent, conventionalized, and easily understandable account 
(assimilation). 

Successive reproduchbns of verbal materials may frequently 
demonstrate the influence whidi social attitudes and cultural back- 
ground exercise on memory change. The process of assimilation 
often molds and distorts the reproducbons in such a way as to con- 
form \vith the learner’s well-established attitudes and cultural ex- 
pectations. In the course of such assimilation, materials dealing with 
past events are often modernized, unfamiliar events and circum- 
stances translated into familiar terms, moral and ethical conclusions 
restated to conform with the subject’s own values. 

In summary, then, successive reproductions of verbal materials 
by the same individual may show, like the reproductions of visual 
forms, progressive leveling, sharpening, and assimilation. 

Methodological Criticism of the Method of Successive Re- 
production. The method of successive reproduction has been 
used to gauge the nature of the changes which the memory trace 
undergoes in time. As a means of discovering progressive changes 
in the trace, the method of successive reproduction is, however, 
subject to serious methodological criticisms. First of all, a subject’s 
reproduction cannot be simply regarded as an index of the state of 


i Notably by F. C. Bartiett, whose book. Remembering (Cambridge: Cam- 
bndge Umversily Pr^s, 1932), describes a monumental series of ei-periments 
dealing ^vJth the problem of memoiy change. 
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tht^• trace. In reproducing a geometrical design, for example (he 
subject is limited by his dra\ving abOity. He may fail to put <iou-n 
on paper evex>-lhing he remembers as he remembers it. A more 
serious difficulty, however, stems from the fart that the ven’ art 
of reproduction probably changes the nature of the^ trace! Thus, in 
making sticccssicc reproductions, the subject is influenced not only 
by bis original perception arjd the trace formed by it but,aIso by his 
preceding reproductions. If he made an error or introduced a dis* 
tortion during the first in a series of recalls, he rcmembcfs his error . 
when he attempts his second reproduction, and so on. As \\’odd« 
worth has pointed out, “We cannot observe the state of a membrj’ 
trace without letting it act and perhaps distorting it and altering its. 
subsequent history."® To summarize, attempts have been made to 
follow the temporal development of the memory trace by comparing 
successi\e reproductions of the same maicnal by the same indi* 
vidual, but the succcssis'c arts of reproduction tliemseUes seriously 
affect the nature of the trace. 

Co^tPAIUSON OF SUCCESSIVT AND SlKCLt RECALLS 
The Method of Single Reproduction. To meet, at le.ast in 
part, the methodological objection to the method of successive re- 
production, tlie method of singje reproduction has been used. 
Under this procedure, equated groups of different subjects repro- 
duce the same stimulus materials but at different time intcn-als 
after onginal learning. Reproductions obtained at different lime 
interv’als are then compart with each other. There arc sinking 
differences between the pictures of forgetting yielded by the 
methods of successive and single reproduction. First of all, the two 
methods result m completely different amounts of forgetting. As 
Fig. 100 shows, the method of single reproduction shows a 
steadily increasing loss in time— a more or less U-pical forgetting 
curve. With successive reproductions, on the other hand, die 
changes in amount retained are much slower Each successive repio- 
duction serv’es as a rehearsal or learning trial, serves to fixate and 
perpetuate what has been initially retained. 

The qualitatice differences between the results obtained with the 
SR. S. Woodworth, Expertmentat psycAotogy, Ne^v Yori:: Hnuy Holt and 

Co . im p 91. 
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two methods are equally striking. Whereas the method of successive; 
reproduction often yields progressive changes in time, no sucH 
trends have been found when the single reproductions made by 
different subjects after varying time intervals are compared. In the 
case of single reproductions, it has been found that recall becomes 
less and less accillmte as the interval between original learning and 
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INTERVAL 


Fig. 100. Comparison of Retention Scores Ob- 
tained by the Method of Successive Reproduction 
and the Method of Single Reproduction. (From 
J. A. McGeoch, The psychology of human learning, 

1942, p. 360, by permission of Longmans, Green & 

Co., Inc. After N. G. Hanawalt, Memory trace for 
figures in recall and recognition. Arch. Psychol., 

1937, 31, No. 16, p. 25, by permission of the 
journal and the American Psychological Association.) 

retention test is lengthened but there is no evidence for progressive 
changes. There is, rather, what. has been described as “true for- 
getting —fewer and fewer items arc remembered and what is re- 
membered becomes less and less accurate. 

Similar results have been obtained with the method of single 
recognition. Equated groups of subjects are given recognition tests 
for the original materials at varying time intervals. There is no 
evidence for progressive changes toward simplicity, symmetry, and 
closure in the figures recognized by the subjects. Again, only de- 
creasing accuracy of recognition behavior is found as a function of 
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'. time. Successive recognilions by the same subjects, on the other 
hand, have in some cases sho^vn progressive changes in the direction 
of “better” forms. 

The radically different pictures of forgetting jieldcd by the 
methods of single reproduction (recognition) ..and suecessi\-e re- 
production (recognition) underline the methodological dilemma 
which we face when we attempt to chart the temporal de%-eIopmcnt 
of the memory trace. In successive recalls by the same subject, each 
test is profoundly influenced by the preening tests. Recalls by 
different subjects at different time intervals obviate this difiicult}', 
but they do not yield information about the temporal development 
of any one single system of memory traces, for individuals, however 
well equated, are not interchangeable. 

Methodological Outlook. Our discussion leads to the con- 
clusion that there is no foolproof method for studying the temporal 
development of one individual’s memory traces. Nes'citbeless, the 
types of progressive changes which are obtained by the method of 
successive reproduction are worth studying because o! the light 
which they help throw on the kinds of memory functions with which 
we have to deal continually m practi^l situations. True, each suc- 
cessive reproduction is influenced by the preceding ones, but is this 
not exactly what happens in daily remembering? If we want to 
recall a cWldhood expenence, wc cannot tap the pure trace of that 
event, but we must perforce recall it, warped as it is by all its 
previous reproductions. To identify and study the changes which 
arise in the course of successive recalls of the same e\enl remains an 
important task for the experimenla! psychology of memory. 


Tiie Method or Serial REpnoouenoN 
The Nature of the Method. The omissions, changes, and dis- 
tortions which characterize successive reproductions by the same 
individual are exaggerated and accelerated in serial reproductions. 
Under this procedure, only the first of a group of subjects is exposed 
to the stimulus materials. The “eyewitness’* passes on ^vhat be re- 
members to the second subject, who in turn transmits it to a third, 
and so on, until a chain of reproductions has been completed. The 
initial stimulus material may be a prose passage, a picture, or any 
other item exceeding the span of Immediate memoiy. It is advisable 
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of the changes are great]/ enhanced. The nature and extent of suen 
changes are most easily illustrated with the aid of a concrete 
‘ example. 

Fig. 101 shows a picture which has been employed in a scries 
of experiments on serial reproductions. This picture was especially 
designed for use in such experiments. It is rather dramatic in quality 
and contains a large number of details which arc easily subject to 
error and distortion. The picture was projected on a screen and 
shown to the first subject who described it in considerable detail to 
the second subject (the latter, of course, was unable to see the 
screen himself), the second subject transmitted what he had heard 
to the third subject, and so on. 

Under Fig. 101 we present a ^ical terminal report, the last io 
a chain of six. The initial description was accurate and rich in de- 
tails. By the time it has traveled down to the final link in the chain, 
the description is not only inaccurate but also exceedingly short-a 
highly condensed, skeletonized account. In the course of serial 
transmission, the story has been rapidly leveled Considerable level- 
ing invariably characterizes serial reproductions until the accounts 
become short, concise, easily told and remembered. As Fig. 102 
shows, leveling takes a continuous progressive course during a series 
of reproductions. The initial rate of leveling is quite steep. Early in 
the series, each subject loses a considerable proportion of what is 
presented to him. Later on, howc\-er, the reproductions become so 
short that they may be repeated virtually by role. Tlius leveling, 
though extensive, never leads to complete obliteration. 

The speed wth svhich leveling proceeds under conditions of serial 
reproduction is noteu'orthy. In the experiments in ivhich F;g 102 
was obtained, successive subjects transmitted the reproductions im- 
mediately after hearing them, and yet the loss of detail is ex- 
tremely rapid With serial transmission, there is as much leveling in 
a few minutes as there may be after weeks with single reproduc- 
tions. Selective perception and retention of the material occur not 
once but as many times as there arc subjects in the series. The effects 
cumulate and a mere skeleton of the original material remains at the 
end of the series. 

^\^le^e there is leveling, there must necessarily be sharpening, for 
sharpening is the selective emphasis on a few features or details 
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INDEX OF LEVELING 



Fig. 102. The Course of Leveling in Serial Re- 
production. The curve shows the percent of the 
original reported details retained in a series of re- 
productions. (From G. W. Allport and L. Postman, 

The psychology of rumor, 1947, p. 76, by permission 
of Henry Holt and Company, Inc.) 

from a larger context. As the terminal report under Fig. 101 illus- 
trates, a few of the many varied details of the picture were retained 
until the end of the series. By the very fact of their selective reten- 
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■ lion^flt^the expense of other item^ th^ mzy be conridcred sharp- 


is visual, certain physical characteristics such as relative size, mo\'e- 
ment, and brightness may determine what is sharpened. These are 
the well-known determinants of “attention." The presence of familiar 
objects and symbols, verbal labels attached to parts of the material, 
may result in selective sharpening. Last but not least, interests and 
attitudes are ever-present, important determinants of selective per- 
ception and retention. Out of a multitude of items, we select and 
remember those which fit in with our interests and values, or which 
conform to our habits and expectations. 

Finally, in serial as in successive reproductions, assimllatice proc- 
esses are constantly at work. Details are grouped around a prindpal 
theme so as to make (he reproductions more coherent and meaning- 
ful. That which Is unfamiliar and unusual is rendered familiar and 
conventional. Facts may be distorted in order to be assimilated to 
the individuals’ attitudes and values In summary, then, the major 
changes in serial as well as successive reproductions can be de- 
scribed in terms of the three-pronged process of leveling, sharpen- 
ing. and assimibtian. 

In serial reproductions, the speed and magnitude of mcmoiy dis- 
tortions are at a maximum. \Vhen successive reproductions are 
made by the same individual, the distortions are held in check, at 
least to a certain extent, by the fact that he had been exposed to 
the original stimulus materials and xvas able to idenlify and label 
them. In serial reproductions, no sudi checks can operate. Each 
successive subject in the series has nothing to rely on except 0 re- 
port (frequently confused and halting) from another individual. 
His retention is not anchored to any stable points of reference; a 
subject who is merely a link in a chain has no “general idea* of the 
nature or content of the original stimulus matenals to which he can 
cling in his attempts at recall. The extent to which serial reproduc- 
tions can stray away from the initial stimulus is dramatically illus- 
trated in Fig. 103 . We sec a sdiematic drawing of an owl, passed on 
from subject to subject, gradually transformed into a fanciful draw- 
ing of a cat. Somewhere along the line the critical mistake was made 
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and the verbal label “cat” instead of “owl” was attached to an ani^ 
bieuous drawing. This mistake was irreversible and thenceforth the 
errors cumulated as tlie reproductions were assimilated more and 
more to the new conception. It is more than unlikely that distortions 
would ever follow a similar course in successive reproductions by 



Fig. 103. How an Owl Became a 
Cat in a Series of Reproductions by 
Different Subjects. (From F. C. 
Bartlett, Remembering, 1932, pp. 
180-181, by pennission of tlie Cam- 
bridge University Press.) 


die same individual. Herein lies the critical difference between suc- 
cessive and serial reproductions. Successive reproductions by the 
same individual, no matter how distorted, are likely to develop 
within deBnite limits set by the original perception. The picture of 
the owl might change in many ways, but an owl it would remain 
once it had been identified. In the absence of such constraints, there 
is virtually no limit to the cumulation of error and distoiiion in 
serial reproductions. 
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The Continthty oFPEncEpnoN.AlEArony, a,vd Rfironr 

The analysis of memory loss and idunge points up the basic con- 
tinuity of perceis'ing, remembering, and reporting. These three ac- 
tivities are inextricably fused and jointly determine measurable re- 
tention performance. 

The process of memory is launched on its course by tlie learner's 
initial perception of the stimulus situation. Perception is selective, 
and out of the totality ol stimuli present only a limited fraction is 
perceived. Only those events which arc favored by sclccti\e percep- 
tion are well retained. Not only is perccpb’on selective, but it erjtails 
active organization and interpretation (e-g-, with the aid of verbal 
labels) of tlie stimulus materials. Memories of past events and ex- 
periences, learned habits of seeing and responding, profoundly in- 
fluence the initial perception and hence subsequent memory. Under 
tlie directive influence of the initial perception, changes continue 
and cumulale-levchng, sharpening, and assimilation talc tlieir 
course. When the time has come for active recall, the individual 
attempts to reconstruct his past c-xpencnce, and in the process of re- 
construction the continuous series of omissions, changes, interpreta- 
tions, and distortions which began at the very first moment of per- 
ception finds its full expression. The act of recall itself, the ability 
to reproduce or report what one remembers, is a final source of 
memory change. Memory, then, is a constructive, creative process, a 
process which actively unfolds itself from the very first moment of 
initial perception. No analogy could be less apt than the comparison 
of memory to an image fixed on a photographic plate, an image 
whicli fades in lime but is available for reproduction as long as its 
outlines have not hopelessly blurred. On the contrary, whenever an 
individual remembers, he re-creates his past experience, subject to 
all the errors and transformations which ha\‘e accumulated since he 
first perccix’cd the event whidi he is tiynng to remember. 

hfEMORY CllAXCES AND TESTIMONY 

The Obseiwer as Reporter. Nowhere are tlie continuit)’ and 
interdependence of perceiving, remembering, and reporting dernce- 
strated more fully than in the ps^-diolog}' of testimony, 
chology of testimony has been aptly described as the study * 



:RETENTI0N and FOnCETTINC-II 411 

ods-a 5pontancou5 account followed by carefully worded quej- 
tions-will yield the most sensitive measures in testimony eiperi- 
menls. 

The Fallibility of ^Viiness. Testimony experiments provide 
dramatic demonstrations of the inaccuracy of human observers and 
the fallibility of their memory. Experimental results almost invari- 
ably show that the witness’ perception and retention of the situation 
are highly selective and limited. He fails to notice or quickly forgets 
many of the details, but he usually remembers those which help to 
explain and interpret the situation as he conceives of it. ^^ost of the 
other items ho fails to remember. Names, places, and times are espe- 
cially subject to confusion and forgetting. In most cases, the result 
is a highly elliptical and subjectively colored account. 

Anything that is unusual or unfamiliar has a small chance of being 
correctly observed and remembered by a witness. The cxpcnmental 
records show again and again that events which are out of the 
ordinary are either assimilated in memor}’, i.e., recast in terms of 
normal expectations, or exaggerated out of proportion and made the 
central theme of the report. This inability to observe and report the 
unusual correctly is especially pronounced under conditions of ex- 
citement and emotional stress. And yet, it is precisely in relation to 
unusual occurrences that the testimony of eyewitnesses is most 
important. 

The experimental investigations of testimony have served to un- 
derline the fallibility of observation and report, but the findings re- 
garding the inaccuracies of testimony can be easily exaggerated. The 
experimental records show a considerable amount of correct recog- 
nition ond recall. Tlierc are substanti.il positive correlations between 
age and intelligence on the one hand, and fidelity of testimony on 
the other. If the time inlen-a! between observation and report is not 
too long, much of the testimony of mtelhgeot adults is often fairly 
reliable and accurate. 

The official testimony of an eyewitness may not be his first report 
of the incident at which he was present; he may have prcviousfy told 
it to others. In effect, the witness may give successi^-e reproductions 
of the same event. The nature and limitations of successive repro- 
ductions must, therefore, be borne in mind in evaluating such testi- 
mony. In giving consecutive reports, what the indivadiial rrca]’< t* 
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likely to be considerably influenced not only by his memory of the-, 
event proper but also by his memory of his previous reports.- Initial 
distortions and errors may be fixated and perpetuated in the course 
of successive reports. The sooner after the event the critical or 
“official” testimony is obtained, the less danger tliere is of perpetua- ' 
tion of errors by successive reproductions. 

ME^^oRy Change and Rumor 

Rumor and , the Method of Serial Reproduction. Memory 
change plays a major role in another important area of social com- 
munication: rumor, A rumor may be defined as a communication 
which is passed on from individual to individual, unsupported by 
reliable evidence. Throughout history, rumors have been a favorite 
unofficial source of "news,” rife especially in times of emergency and 
crisis. 

The method of serial reproduction provides the experimental- 
paradigm for rumor. As in the case of many rumors, this type of 
experiment starts with a fact or event perceived by an eyewitness 
and passed on by word of mouth from individual to individual. The 
types of memory change and loss revealed by the method of serial 
reproduction are, indeed, characteristic of many rumors. As a rumor 
travels from person to person, it tends to become shorter, crisper, 
acquiring a slogan-like quality (leveling). Rumors are character- 
ized by selective emphasis and frequent e.\'aggeration of some fea- 
tures of an event at the expense of others (sharpening). Finally, in 
rumor, the process of assimi}ation~the powerful influence on mem- 
ory change of habits, interests, and values— comes fully into its own. 
Rumors, then, may be regarded as the results of serial reproductions 
in social life. 

Laboratory Study of Rumor. It is often difficult, if not impos- 
sible, to follow the course of a rumor in real life, to record the 
changes and distortions as a story is passed on from individual to 
individual. The experimental study of rumor, therefore, relies pri- 
marily on the method of serial reproduction, A laboratory rumor 
simply consists of the telling and retelling of a story by a series of 
subjects. ^ ■' 

Although this method brings us as close as we can ever come 
under the controlled conditions of the laboratory to the study of 
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rumor, important differences between laboratoiy-crealcd and real- 
bfe rumors remain. 

1. Subjects in a serial reproduction experiment will have a set toward 
maximum accurac)' of reproduction by «rtue of the set)’ fact 
that the investigation is conducted in the laboratory. Rumor 
merchants in daily life rarely have such concern about the acs 
curacy of the information which they pass on. 

2. The practical exigencies of experimentation will usually male it 
neccssaiy to use only short time intervals (often of the order of 
minutes or hours) between successive linVs in the nimor chain. 
In daily life, the times which elapse between the hearing and 
telling of a rumor are varied and frequently much longer. 

3. The person.il relationship between the members of the chain is 
likely to be very different in a laboratory situation from what it 
is in the transmission of actual rumors. Rumors usually travel 
among individuals with common interests and motives. Accounts 
are often passed on as part of intimate personal conversation, in 
situations altogether different from a laboratory’ setting for an ex- 
periment on senal reproduction. 

4. Finally, and perhaps most important of all, the subjects in a 
serial-reproduction experiment and the rumor monger differ 
radically in their motivation The laboratory subject tries to cany 
out, to the best of his ability, the experimenter’s instructions. In 
passing on the report which is presented to him, he does not try 
to grind a personal ax. How different the motivational picture is 
in the case of the rumor mongerl The talcs which he recebes 
and transmits are often actuated by deep-seated fears, inspired 
by hates and aversions of long standing, embody the fulfillment 
of hopes and wishes. To these dominant motives, the stories he 
spreads are inevitably assimilated. Unlike the laboratory subject, 
the rumor agent often has a deep personal stake in the story 
which he tells. 

We hax’e examined the differences between a “laboratory rumor* 
and the type of rumors which we so frequently encounter and ha>-e 
to fight in d.iily hfe to illustrate the type of problem which experi- 
mental work of social psychology so frequently faces. The experi- 
mental social psychologist must begin with a laboratory' paradigm, 
such as the serial reproduction model for the study of rumor. Jn 
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many respects, the paradigm \vill fail to reproduce the conditions 
under which die social event occurs. But the experimental paradigm 
is nevertheless very much worth while: from the experimental 
paradigm we obtain the variables, concepts, and hypotheses in 
terms of which we may proceed to plan the investigation of the real 
thing” in the field. Armed \vith knowledge of the nature and de- 
terminants of memory change, we may be better able to deal ivith 
the practical problems of testimony and rumor. The laboratory work 
helps to define the variables and to provide the essential methodo- 
logical tools for the researcher in tire field. 

Experiment XXIV 

Memory Change in Serial REPRonucnoN 
Purpose. To investigate the amount of memory loss and the nature 
of memory change under conditions of serial reproduction. 

Materials. Both verbal and nsual stimulus materials may be used. 
Whether verbal or visual, the stimulus material should be complex and 
contain a number of details well beyond the subject’s immediate span of 
memory. A scene such as the one shown in Fig. 101 can be used svith 
good results. We shall describe the procedure for an experiment using 
such a visual stimulus. The procedure, however, remains substantially un- 
changed if verbal material is used. 

Apparatus. It is most convenient to present the stimulus picture by 
projecting it on a screen. A lantern slide of the picture should be prepared 
and then exposed by means of a standard projector. The screen should be 
placed so that successive subjects can enter the room without seeing it. 

Procedure. Six or seven subjects are sent out of the room. The slide 
is projected on the screen throughout the demonstration. The Erst subject 
is called in and he is requested to stand in a position from which he 
cannot see the screen. The experimenter (or some other person) then 
gives him a detailed description of the scene (including about twenty to 
riventy-five items), preceded by the following instructions; 

There is a picture on the screen w’hich I am going to describe to you 
in some detail. I want you to listen carefully. You wall be asked to re- 
peat what you have heard to the ne.xt subject.” 

Mter the inirial “eyewitness” description has been given, the second 
subject IS called m and ashed to take his place beside the first. He is 
given the fouowing instructions: 

“Mr. (Miss) X will transmit to you a description of the picture on 
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the saeen which he has just heard. I want you to listen carefully. You 

wll be asked to repeat what you have heard to the next subject." 
(These instructions are used for all other subjects In the series.) 

The first subject then gives his reproduction of what he has heard and 
takes his seat. The third subject Is called in, and -the procedure Is con- 
tinued untd the entire series of reproductions has been obtained. 

Records. It is important to obtain ns accurate a record as possible 
of each reproduction, including the initial one. Ideally, a de>-iec, such as 
‘a ivire recorder, should be used. If an automatic recording apparatus is 
not available, a quick note-taker usually can obtain a complete record, 
especially if the subjects are Instructed to speak slowly and distinctly. Of 
course, the reproductions may be obtained in written rather than oral 
form. In that case, however, the experiment cannot be ustd as a class- 
room demonstration. 

Audience. The presence of an audience will have an important effect 
on the subjects* behavior, Cemdous of being under observation, the sub- 
jects are hkely to be very cautious and careful, being afraid to “make 
fools of themselves,” Tliey will tend to repeat only items of which they 
feel sure. Heports obtained m the presence of an audience wall, there- 
fore, be shorter and more conservative than those obtained mthout an 
audience. An interesting variation of the experiment is to obtain reports 
with and %vithout an audience and to compare them. 

Treatment of Results. Tlie scoring of the records wall ncccssanly 
involve a certain amount of subjective interpretation. It is advisable, there- 
fore, to have several experimenters score each record independently. Dis- 
agreements and differences of interpretation should be discussed until 
a consensus is achieved. 

The records may profitably be scored with a view to the three dimen- 
sions of memory change: leveling, sharpening, and assimilition 

1. Leveling. For each reproduction, the number of details correctly re- 
membered is scored. Under the conditions of this experiment, an item 
need not be remembered verbatim In order to be scored as correct, it 
must, however, be retained without substantial alteration of meaning. 
The number or percentage of corrertly retained items is then plotted 
as in Fig. 102, to depict the temporal trend of le\ cling Tlie sig- 
nificance of the differences between succcssn e points can be tested 
statistically. 

2. Sharpening. In evaluating the reproductions, special attention should 
be paid to the items which are retained throughout the senes of re- 
productions (sharpened) WTiat are the characteristics of these Hess* 
Were they outstanding m size, color, degree of movement’ 
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tliey familiar or xmfamili;ir items? Mere the shorr'tS'ieS items ex- 
ticgerated or mr-CTifioH? Eid the -sliarpenea jtenrs come lO uoimn.ne 
the reproductions, rcsultinc in n shitt in the entire dienie c». ie 


description? 

AssiniVuTtion. In loohing for ctridence of assimilation, search the repro- 
ductions for errors and distoitioms which can rea,sonahlyl>e^ascrihed 
to the influence of cstohlished h.rhits, expectations, and attitudes. If an 
unfamiluar feature is dianged so as to conform x\-i*h what is usual and 
expected, if an'odd phnase is turned into a well-worn tdrooe, }*ou have 


an example of .assimilation. If the distortions .and errors seem to re- 
fiect the tellors xnshcs. fears, or antip.alhie.s, tliey are prohahly exam- 
■ pies of assimilarioa. If there has been a sluft in the general Eneme of 
die reproduction-s. show how speoiSc det-uls are ch.anged so as to £t 
^ with the new dienie. This tape of an.alysis is somewhat suhjecth-e 
. and r.idier diSiailt .at first, hut it is a rewarding exercise in die inter- 
pretolion of qu.alit.ati\'e data. 
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TRANSFER OF TRAINING 


THE effects of learning and conditioning are cumulative in time. 
-When an organism learns a list of words or undergoes conditioning, 
it is more or less permanently modified by this experience. When 
this organism faces new tasks and new problems, its behavior may 
be seriously affected by the results of past learning and condition- 
ing. It is oidy through such cumulative effects of learning that steady 
intellectual development and growth, progressive refinement of 
skills, and creative thinking are made possible. Sometimes, it is true, 
past experience hinders rather than aids the acquisition of new 
skills, but tlie balance is overwhelmingly on the credit side. The 
effect of past learning on new learning is designal;^ as^ns/er of 
training. Transfer of training is one of the most perva^^ charac- 
teristics of behavior, for it is transfer of training which guarantees 
the continuity and lawful development of habits of everrgrowing 
compIe.xity. The emergence of consistent personality traits no less 
than the organization and integration of knowledge depends on 
transfer of training. 


Types of Transfer 

The effects of past learning on new learning may be classified in 
one of three categories: 

Positive transfer effects occur if experience facilitates the acquisi- 
tion of a new skill or the solution of a new problem. Placed in the 
new situation, the learner performs significantly better than he 
would without the benefit of past training. 

Negative transfer effects are inferred if past experience renders 
more difiBcult or slows down the acquisition of a new skill or the 
solution of a new problem. Placed in the new situation, the learner 
performs more poorly than he would without previous training. 

418 
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Zero tronifer effect denotes llie fact that performance In the new 
situation is neither aided nor hindered by past training. A statement 
that there is zero transfer can mean only that walh the measuring 
devices at out disposal no transfer effects from one situation to the 
other can be detected. tVherc one method of measurement shorn 
zero transfer effect, another more sensitive one may reveal either 
positive or negative effects^ 

Design of Transfeh JSxrEimtENTs 

Use of Equated Groups. One basic experimental paradigm 
calls for the use of an experimental group and a control group. 
Suppose we wish to invesb'gate the transfer effects from memorizing 
nonsense syllables to memorizing prose. We select a group of sub- 
jects and set them the task of memorizing a prose passage (Task T,). 
On the basis of their performance, we divide our subjects into two 
groups matched for ability to memorize prose. One of these groups 
serves as the experimental group, the other os tlie control group. 
The experimental group is given practice in memorizing nonsense 


•hiC a :.Ji> - Ji *’ ’ • ‘ 

the gain (or loss) of the rivo groups from initial test to final test is 
a measure of the transfer effect Thus if the expcrimentnl group 
shows a greater improvement on the final test than does the con- 
trol group, we may attribute Ibis difference to the positive transfer 
from the inteqiolaled practice. The general design of this experi- 
ment may be summarized as follows:* 

Experimental Group: 

Initial Test on Tt Training on Tj Final Test on Tt 

Control Croup: 

Initial Test on Ti Best Final Test on Tj 


Tins design allows an experimental isolation of the factor of trans- 

r The reader should compare thu design with that of the retroacti»e inhibi- 
tion experiment on p. 370 The formal structure of the two desif^ is the same, 
tn the care of the transfer expcrimenl, w measure the cSect of past Irtrni^ 
on new learning. In the case of the retioartion en^ment. we are 
with the effects of new learning on retention of old matcnaL itetroactive tarn- 
biUoo may thus be considered an example of negatise trawler eflert. 
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fcr. Improvement on the final lest may be due to factors other than 
interpolated practice, sucli as the experience provided by the initial 
test. By treating the two groups alike in all respects, except for tl)e 
inteqrolatod training period, it is possible to ascribe differences in 
gains or losses to this training. Clearly, this experiment can )ield 
wlid results only if tlie two groups are equated wtli respect to 
their performance on the initial test. Benefit from training varies 
with initial ability. Typically, a poor memorizer can derive con- 
sidci-able benefit from practice-there is so mucli room for improve- 
ment. A skillful memorizer, on the other hand, cannot improve mudi 
more by practice. It is only by equating the initial pcrfonnance level 
lliat we render the gains or los-scs of the two groups comparable. 

Instead of using a foretest, it nm)' be po.ssible to equate the two 
groups b)' mcairs of air outside criterion. For example, if the transfer 
value of different methods of teaching is to be evaluated, subjects 
may be equated on the basis of examination grades. The foretest may 
tlicu be omitted and the design shortened as follows: 

Experimental Group: Training on To Test on Ti 

Control Group: Test on Ti 

On the assumption that the two groups were inih'ally equal, any 
difference on tlie tost of Ti m.ay be ascribed to Uie effect of training. 
This procedure has tlie virtue of being brief, but it has little else to 
recommend it. It is alwas s safer to equate the two groups axplieitly 
on the activity to which transfer is expected. 

Use of Equated Task.s. Instead of equating subjects, we rn.a}' 
'equate tasks and use only one group of subjects. Suppose we wash 
to study the transfer from solving one .set of inathematic.'d problems, 
Tj, to solving anotlier set of problems. T, and T. are hs'o stand- 
' ardized sets of problems known to be of equal difficulty. A group of 
subjects solves tlie two sets in sncce.ssion. If their perfonnance on 
tlie second set is superior to tlieir pcrfonnance on the first, we mav 
attribute tin's gain to positiin transfer. This inteqiretation would, of 
course, depend on the correctness of tlie a.ssumption that the hvo 
sets of problems are strictly equal in difficulty. Such an assumption 
should not be lightly made in the absence of tlioroiighlv reliable 
nonns of difficult)'. 
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A Counterbalanced Design. Another experimental procedure 
again employs two groups but instead of dividing them into an ex- 
perimental and a control group, it uses a counterbalanced design. 
Suppose we wish to measure the transfer from mastering one maze 
to the learning of a second maze. We have, of course, to use two 
mazes, Tt and Tj. We attempt to malre these two mazes approxi- 
mately equal in difRcull)* although it may not be possible to maVe 
them exactly so. The members of one group first Icam maze Ti and 
then maze Tj; the other group reverses tlie order, Ti is learned after 
Tj. We then compare the average performance of the riso groups on 
the first task with tlieir average performance on the second task, 
using time scores, error scores, or wliatcser measure of learning is 
most appropriate. The design of the experiment may be summarized 
as follows: 

Group I: Tj followed by Tj 
Group II: Tj followed by Ti 

If the average performance on the task learned second is sig- 
nificantly better than on the task learned first, there has been posi- 
tive transfer. If there is no such significant difference, sse conclude 
that there has been zero transfer. Finally, if performance on the 
second task is significantly poorer than on the first, there has been 
negative transfer. 

The design outlined above has the advantage of making unneces- 
sary the strict equation of either subjects’ abilit)’ or diiBcuUy of 
tasks. Both groups of subjects practice both tasks in counterbalanced 
order. Still, if the tsvo groups differ greatly in ability or the two 
tasks jn difBnilty, disturbing interaction effects may occur. If an 
able group has to go from an easy to a hard task and a poor group 
from a hard to an ea^ task, it would be difficult to compare as-erage 
performance on the first task with average performance on the sec- 
ond task. Minor variations in ability and difficulty, on the other 
hand, are adequately controlled by this design. 

Degree of Learning. As in all learning studies, degree of mas- 
tery is an important vanable m the transfer experiment The actiW- 
ties from which and to which there is transfer can be practiced to 
vatyong extents, and the conclusions concerning transfer may be 
seriously affected by these variables. 
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Consider first the activity from which there is transfer. Not only 
the amount but also the sign of the transfer effects (positive or 
negative) may depend on the amount of practice in this activity. 
If the transfer effects from a first to a second task tend to be posi- 
tive, the amount of transfer w'ill vary with the degree to which the 
first task has been mastered. For example, if the first of two mazes 
has been poorly learned, the learning of the second maze will be 
little facilitated. Thorough mastery of the first maze, on the otlier 
hand, may greatly accelerate the learning of the second. The evi- 
dence strongly points to the conclusion that the beneficial effect of 
past training on new learning is positively correlated with the 
amount of that training. 

Negative transfer effects from a first task to a second also show 
considerable dependence on the degree to which the first task has 
been learned. Negative transfer effects are likely to appear when 
the first task has not received extensive practice. With increased 
practice in the first task, negative transfer effects may turn into 
positive. 

The degree to which the second task is learned is also important. 
In some experiments, there is only one trial of the second activity 
and amount of transfer is computed on the basis of this test trial. 
For example, in gauging transfer from one maze to another, the 
first maze may be learned to the criterion of one errorless run, and 
) then one test trial given on the second maze. It is possible, and often 
desirable, however, to carry the second activity to the same criterion 
as the first, e.g., to practice the second maze until an errorless run 
is achieved. In that case, transfer effects at successive stages of the 
second learning activity' can be measured, and additional measures 
of transfer, such as amount of time or number of trials saved, can 
be obtained. Experiments using this procedure have tended to show 
that the main transfer effects appear early in the learning, altliough 
the experimental (transfer) group may retain a small advantage 
over the control (nontransfer) group over the total learning period. 
By carrying out the second activity to a criterion of mastery, we 
not only can study the temporal course of the transfer effects but 
also provide adequate opportunity for these effects to manifest 
themselves fully. In situations in which an initial readjustment to 
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the second situation is necessary, use of only one test trial may 
indeed prevent transfer effects from appearing or minimize tliem. 

In any transfer experiment, then, the degree to which each of the 
activities is learned is an important parameter. It is often necessar)' 
to vary this parameter in order to obtain a full picture of the transfer 
effect. 

Interval Between the Ts^o Learning Activities. In planning 
an experiment on transfer of training, anotJwrr wriable which de- 
serves careful attention is the lime interval between the learning 
tashs. We must consider (1) the lutiirc of the activities filling the 
interval, and (2) the length of the intcrx-al. 

If we are interested in measuring Imnsfcr from a first lasV, Ti, 
to a second task, Tj, it is important that no uncontrolled activities 
intervene between T| and T- wh>ch could obscure the transfer ef- 
fects. If an activity, Ts, similar to Tj, were to occur during this In* 
tcrx'al, it might either increase or decrease the transfer effects under 
consideration. TIius if we arc measuring the transfer effects from 
one memory task to another, we must make sure that there is no 
uncontrolled memory practice behveen the two cxpcnmcntal tasks. 
For this reason, it is advisable to space the cxpenmental tasks so 
that the activity during the interval between Ti and T* can be con- 
trolled by the experimenter. Of course, it is never possible to control 
the activity of a subject completely, but by cng.aging bim in some 
work quite unrelated to the critical tasks, it is possible to minimire 
uncontrolled interference. 

As for the time interval between Ti and T*. there is some expori- 
mental evidence that transfer effects remain virtually conskint omt 
a long period of time. In one study, for example, transfer effects 
from Ti to T- (ideational learning problems) were measured after 
intervals ranging from two daj-s to ninety da)'s. Lengthening of the 
time interval did not produce any significant decreases in transfer 
effect. Tlvis result is at first surprising since degree of transfer is a 

measure " ' steady decline 

in time. 

hues tra 

effects frequently do not depend on the retention of specific re- 
sponses but rather on the acquisition of useful methods and ap- 
proaches to nexv problems. 
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What Is Transferred in Transfer of Training 

The Search for Elements. One theory of transfer, is the so- 
called theory of identical elements. Since sign and amount of 
transfer effects vary with specific materials and conditions of train- 
ing, this theory 'held that amount of transfer is proportional to the 
number of elements common to the activities between which transfer 
occurs. If we think along the lines of this theory, we must analyze Tj 
and To— the activity from which there is transfer and the activity to 
which there is transfer— and break them down into constituent ele- 
ments, say, stimulus and response elements. We should, then, expect 
transfer to increase as the number of elements common to Ti and Ts 
increases. 

One of the early experiments carried out by psychologists work- 
ing in the framework of this theory will illustrate this approach. 
Subjects were trained in estimating the areas of rectangular designs 
within a limited size range. The transfer from this actiyity to esti- 
mates of other sizes of rectangles and other designs was tested. The 
transfer effects were found to be small, unreliable, and not com- 
parable to improvement in the specific activity practiced. Results 
such as these were presumptive evidence for the importance of 
identical elements. 

Complete identity of stimuli and of responses is, of course, im- 
possible. Abandoning tlie requirement of pure identity, it is usually 
possible to describe dimensions of similarity along which stimulus 
and response elements in different situations can be shown to vary. 
The definitions of such dimensions and the operations for their 
measurement must necessarily vary in different areas of investiga- 
tion. The utility of a dimension of similarity depends not only on 
the exactitude of the measurements which it allows but, above all, 
on the fruitfulness of the hypotheses which can be formulated and 
tested with its aid. The dimensional analysis of verbal materials 
presented in Chapter 15 may serve as an illustration. 

How elementary is an element? Behavior is a continuous process, 
and elements such as muscular movements and specific verbal units 
represent abstractions on the part of the investigator. It may be 
stated in defense of the theory of identical elements that its authors 
intended the term element to be used with a high degree of flexi- 
bility, according to the requirements of specific experimental prob- 
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Icms. In some cases, such as the analysis of highly circumscribed 
acts, it may be useful to deBrtc dement in terms of spcdfic mo\t> 
ments; in other cases, sucl» as problem solving, an clement may be 
conceived as broadly as “general mode of attack" or "altitude." TIjc 
term element svas probably unfortunate in implying reduction to 
minimal units, and we shall do well to follow Woodworth in speak- 
ing of components instead.* 

Choice of Units in Terms of Experimental Usefulness. As 
Jong as we wish to study transfer of training (or any other kind of 
behavior, for tJiat matter) experimentally, wc must apply analvsis 
into Units which can be handled csperimentall)’. W'c may choose 
such units or “components" at different levels of spedGcity and com- 
plexity, according to the needs and emphases of a given investiga- 
tion. M'e may compare tvvo tasks with respect to circumscribed 
stimulus and response units (granting that they may not be abso- 
lutely identical) and/or with respect to general altitudes and modes 
of attack*. In tlie course of experimentation, wc may succeed in 
breaking down a rough and broad unit into more speciGc and cir- 
cumscribed ones if (hat is useful for prediction and control. Tlie 
question, what is transferred in a transfer experiment, cannot be 
answered by a cut-and-dried formula. In any given experunent, we 
may attempt an answer In terms of specific stimulus-response asso- 
ciations and/or in terms of general altitudes and modes of attack. 

TiiE ExrOUAfENTAL ANALYSIS OF TRANSFER 

The task of the experimenter has been, of course, to define and 
study significant variables of which transfer is a function. The ex- 
perimental work devoted to the study of such variables could be 
classified in several ways, for example, according to stimulus mate- 
rials, type of experimental procedure, type of activit)*, and so on. 
^Ve prefer to marshal Uie evidence in relation to some general 
principles of transfer which have arisen from the experimental work. 
^Vhat are the ochicecmcnts of transfer, and in wliat ways arc these 
achievements brought about? 

Learning to Perform a Task. WTuitcver field we work in, what- 
ever skill we are trying to acquire, there are certain general alllludcs 
and general modes of attack without which no specific problem can 

*R S Woodwortli. Etperimcntal pjycftotogy. New York- Heuiy Roh •nd 
Co.. 105S. p 1T7 
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be solved wth full success. It is through transfer that such general 
adjustments are learned and effortlessly apphed to a manifold of 
situations. 

As a first example, let irs consider sensory and perceptual sldlls. 
Psj’chophysicists have long been in the habit of distinguishing be- 
tween “trained” and “untrained” obseiv-ers. In experiments con- 
cerned with the measurement of sensitivit)% it is usually found that 
experienced obserx'ers have lower tinresholds and give more reliable 
judgments than do ine.xperienced ones. It is extremely imliicely diat 
tlie sensory systems of e.xperienced observ'ers have been made more 
acute by continued practice. A more reasonable interpretation is 
tliat the trained obser\'er has learned how to utilize cues wdth max- 
imum efficiency, to discount irrele\’ant indications, and to resist 
distracting influences. The beneficial effects of past axperience on 
sensor}' capacity are thus most probably due to the transfer of obser- 
vational techniques and attitudes. The extent to which perceptual 
performance can benefit from training (transfer) u’as dramatically 
illustrated in an experiment in which subjects were trained to rec- 
ognize stimulus items presented tadustoscopically at very rapid 
speeds. The speed of reading of some subjects u'as increased on the 
average from 547 to 1295 words per minute. By obsenung and dis- 
criminating we leam how to observe and discriminate.® 

We also become more skillful at memorizing by memorizing. For 
example, the more lists of nonsense syllables we learn, the more 
quickly we can leam new lists. The initial improvement after the 
&st few lists is very considerable. After about ten lists, however, 
further improvements in memorizing skill are likely to be raffier 
small. 

The learner soon adopts specific skills and attitudes which are in- 
dispensable for the successful mastej}' of nonsense material. He 
learns to utilize rhythm and other methods of grouping, he finds 
out what types of associations are useful and what kinds are likely 
to hinder his progress. Soon the task of learning nonsense ^dlables 
no longer appears strange, and the subject approaches each new 
list with confidence. 

The ability to perform perceptual-motor tasks derives similar 


ss. Renshaw, ^^sual perception and reproducb'oa of forms by 
toscopic methods, /. Psychol, 1945. 20:217-252. 


tachis- 
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benefits from continued practice. ^Vhen we haw to trace a itvks 
maze for the first time, we are Iflcely to be somewhat awtwird ia 
our movements and our “trials aod'crrors." Both animal and bumaa 
subjects show increasing speed and accuracy in the mastery of 
with continued practice. Other perceptual-motor tasks, such as caz>- 
cellation of letters, show like improvements. 

■ The Specificity of Transfer. The altitudes and adjustments 
which we acquire and transfer from one situation to another may 
have a more or less wide range of application. Transfer effects, in 
short, may be more or less specific. 

In learning how to observe, we may often learn only how to ob- 
serve a circumscribed class of events. In esperimenls on tactual 
sensitivity, for example, it has been found that the rivo-point limcn- 
the ability to discriminate the presence of two stimuli from one— is 
lowered considerably in a practiced area but only little in other 
areas. We have already cited experiments in which practice in 
estimating areas showed only little and irregular transfer to the task 
of estimating the areas of other designs. \VheD the stimulus matena'' 
were objects of different weights and lines of different lengtli., 
similar results were obtained. The fact, however, that in these ex- 
periments transfer, though small, is usually positive indicates that 
certain attitudes and skills are transferred but that they do not suf- 
fice to result in Improvement as great as is achieved by direct prac- 
tice on a specific problem. 

The picture is similar in the fields of memonzmg and perceptual- 
motor tasks. Practice with nonsense ^Rabies does greatly improve 
our skill in memorizing syllables, but the transfer to memorizing 
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cancellation of specific letters, they are hindered rather than helped 
by their experience when switclwd to canceling specific parts <£ 
speech. The specificity of transfer raises with urgency the questrr 
of specific determinants of transfer, of the factors on which ^ 
and amount of transfer depend With some of the deten==s=i 
we shall be concerned in the sections which follow. 

Direction of Associatiie Change. Let a subject be 
Task Ti and the transfer effects of this training be tested csT'*' 
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Ti and Tz may differ from each other in various ways, Ahal)’dng 
the tvvo tasks into stimulus and response components, we may find 
that the stimuli in the two situations are (nearly) the same but that 
different responses are required of the subject. On the other hand, 
the stimulus components in the two situations may be different and 
the same response demanded in both situations in spite of the 
stimulus difference. Finally, Ti and Ta may, of course, differ in re- 
spect to both stimulus and response components. 

Amount and sign of transfer may vary witli the direction of the 
associative change which the switch from Ti to Ts entails for the 
subject. Must he learn to make an old response to a new stimulus 
or must he learn to make a new response to an old stimulus? There 
* is good experimental evidence for the generalization that transfer 
effects are positive when an old response must be transferred to a 
new stimulus. Positive transfer effects are even greater if the stimulus 
is only partly changed and the old response is retained. The degree 
to whidi Ti has been learned is, of course, an important parameter: 
the better practiced Ti is, the greater are the positive transfer effects. 

On the other hand, if the subject must leam to make a new re 
sponse to an old stimulus, the transfer effects are likely to be nega- 
tive. Indeed, the old response, which had been correct for Ti, may 
frequently intmde overtly during the performance of To. Again, the 
degree to which Ti has been learned is an important parameter. 
The rnore thoroughly Ti has been practiced, tire less serious the 
negative transfer effects are hkely to be (the sign may indeed be- 
come positive when Ti is very well mastered). 

These principles can best be demonstrated in situations which can 
be readily analyzed into discrete stimulus and response components. 
In the area of perceptual-motor tasks, tire maze, witli its discrete 
entrances and alleys, meets this need. In one transfer experiment, 
tor example, rats were trained to withdraw from an alley m response 
to the apparance of a signal (light, sound, or shock). After the 
response had been weU established, the nature of die signal was 
^ animals had been originally trained 
^ substituted, and so on, for the 

faster stations. Invariably the new association was learned 

tastj than the ongmal one. The transfer effects are positive when 
an old response is attached to a new stimulus. 
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* Verbal materials learned by the method of paired associates can 
= also be conveniently analj'zed into stimulus and response com- 
‘ ponents. T, consists of a list of paired associatts-A-B {where A and 
- B may be nonsense syllables or meaningful words). Tj again is a 
c list of paired associates: A-C if the stimulus is the same and the 
: response is changed; C-B if the stimulus is new and the response is 

unchanged. In an experiment using both these arrangements, the 
: generalization about transfer as a function of changt in stimulus and 
: in response was verified. Change in the stimulus without change 
t in response (C-B) yields positive transfer; change in thtf response 

• without change in the stimulus (A*C) tends to yield negathx 

transfer. ' ^ 

. Tlic asj'mmctrj' of transfei effects produced by clianges in the 
stimxilus and changes in the response suggests that negative transfer 
^ effects may be due, at least in part, to competition among incofn- 
. patible responses or “reproductive inhibition.” If in Tj the associa- 
, lion A-B is established and superseded by the association A-C in Ts, 
the responses B and C are both associated with A and in conflict 
with each other. Such a conflict between incompatible tendencies 
inhibits, at least temporarily, Ibc response. After prolonged practice, 
of course, the association A-0 becomes stronger than the associa- 
tion A-B, and the negative transfer effects arc overcome 
Equivalence of Stimuli. The physical identity or similanly of 
stimulus components in two or more situ.itioiis is not in itself a 
guarantee of positive transfer effects. Tlic identical or similar stimuli 
roust function as cquiiaJent for the organism m order tliat transfer 
ocair. There arc, indeed, many Idenbties m nature which we can 
discover only after much training and painstaking analysis. Given 
certain conditions in the environment, cq\m.ilence depends on the 
organism, its capacities, needs, and attitudes In the last anahris, 
it is the selective dispositions of the organism which render stimuh 
equivalent. 

Equivalence of stimuli can be defined e.TpenmcntalIy. If ir r“ 
presence of two stimulus constellations. Si and S-, behavior r^' “ 
more or less unaltered. Si and S 3 may be considered 
stimuli. Starting with a constellation. Si, we can progress:’'^* 
its characteristics along various dimensions ( such as sire- 
weight, etc.) until response to the stimulus undergoes* 
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specifically designed to show that transfer may dqxmd on the per- 
ception of relationships common to different situaUons arc tnos^-n 
as transposition experiments. In these experiments, the physical 
identity of the stimuli is changed while certain relations among 
the sUmuli are maintained. In one ciperiment. for esamnie, chicis 
were trained to peel: food from the darker of, two gray pieces of 
cardboard. After the discrimination was thoroughly established, tlie 
chicks were given test trials during which the lighter gray was re- 
moved and replaced by an even darker shade than that of the posi- 
tive stimulus. The design may be summarized as follows:* 

Training Trials; Gi and C,, where Cj was darker than Ci 

Test Trials: Gj and Gj, where Cj was darker than Cg 

Confronted with the netv stimulus constellation, the animals chose 
Cs which was now the darker one, and not Ca which was tlie identi- 
cal shade that had been reinforced throughout the training period. 
Similar findings have been reported svith other organisms and with 
other types of relationships iovtilving relative weight, size, and 
sound characteristics. The transposition experiments $er%'e to em- 
phasize the fact that similarity or identity cannot be defined al- 
ways in terms of sameness of physical stimulation, but rather 
may refer to equii-alence of relationships which the organism reo 
ognizes in the environment. 

Transfer as Failure to Discriminate. Transfer then may de- 
pend on the perception of common features in different situations. 
Transfer clfe^ may, however, also be due to a failure to perceive 
different situations as different. The phenomenon of sensoiy gener- 
alization in conditioning, which is a type of transfer effect, w’ill serve 
to illustrate this point. 

\Vhen a conditioned response is established, the response is fre- 
quently eUcited, not only by the specific stimulus used in the train- 
ing but abo by stimuli which differ more or less from the training 
stimulus. In one conditioning expenment. for example, the galvanic 
skin response was conditioned to a tone of fixed pilch. Tones whi^ 
differed in pitch from the sound used in the training abo ei-oked 
the gab’anic skin response. The amplitude of the response, how-ei er, 
decreased with the difference in pitch between training 
and test stimulus. A similar gradient of gencroUiation was obtained 
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'\vj;ien training tones and -test tones .differed in loudness. The gener- 
alization may be considered as a failure to discriminate, between the 
stimulus used in the training procedure and the various test stimuli 
which elicited the response. 

The phenomenon of sensory generalization is not limited to the 
conditioning situation. It may also be demonstrated in learning by 
tire method -of paired associates. When, for example, geometrical 
designs are associated with letters, alterations in the designs decrease 
but do not eliminate tire letter responses. Again, the greater the 
alterations in tire stimulus designs, tire less frequently do they evoke 
the associated responses. When the terms associated are nonsense 
syllables aiid/or meaningful words, analogous results are obtained. 

E.\periments such as these highlight the fact that transfer from 
one situation to anotlier may sometimes stem from a failure of dis- 
crimination. Transfer effects resulting from a failure to discriminate 
may sometimes be corrected by further training. In the case of sen- 
sory generalization in conditioning, training may reduce the amount 
of transfer. By differentially reinforcing only responses to a specific 
stimulus and failing to reinforce responses to similar stimuli, the 
range of generalization may be reduced effectively. The net amount 
of transfer will be determined, then, by the summation (or perhaps 
more complex interaction) of generalizing and discriminating (in- 
hibitory) tendencies. 

Practice With and Without Insight into Principles. The ac- 
tivity Ti from which there are transfer effects to an activity T 2 may 
be practiced with and without explicit understanding of the princi- 
ples on which successful transfer would depend. A classical experi- 
ment illustrates this point. 

A group of boys were given the task of hitting a target 12 inches 
underwater. To master the task, they had to leam to take into ac- 
count the displacement of the target due to refraction of light. The 
correction for refraction varies, of course, with the distance from the 
surface. One group of subjects was explicitly taught the principle 
of refraction; the other group remained uninstructed. Both groups 
improved equally on the 12-inch target. When the distance of the 
target from the surface was changed to 4 inches, the instructed 
group showed considerable positive transfer effects, the uninstructed 
group hardly benefited at all from its previous practice. 
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The superior transfer effects achie\'ed the study of prinrinles* 
as compared with rote Jeam/ng has also been demonstrated in tl>e 
field of memory. Two groups spent identical amounts of time in 
memory pracUcc. One group spent the entire period in memorfting. 
whereas the other grmjp dirided its time between memoririrfg and 
the study of effective methods of memorizing. In the rotevgroup there 
were hardly any transfer effects to new memory ta^,«the methods 
group benefited greatly from the training period and $hoU*cd sub- 
stantial positive effects. The same conclusion has becit reached with 
a variety of other learning tasks: mazes, ideational problems,* school 
subjects, to name but a few. It is true that we Jeam by doing,* but 
we learn best by performing tasks ‘■insightfully," ie., with full 
awareness of the principles guiding successful performance. 

Cross-Educatios 

Some of the general principles which we have discussed are ex- 
emplified in a special type of transfer: cross-education. 

The Nature of Cross-Education. Practicing an activity with a 
particular part of the body usually facilitates performance of the 
same activity wth another part of the body. 5uch, in brief, is the 
definition of cross-education. Usually the positive transfer effects are 
bebvecn symmetrically located parts of the body, from eje to eje. 
from hand to hand, and from foot to loot. IVhen cross-education is 
from one body organ to its symmctncal counterpart, ue speak of 
bilateral tranter. Although it is by far the most common type of 
cross-education, bilateral transfer is not the only kind Thus there 
may be transfer from hand to foot, or even from one skm area to 
another, nonsymmelrical one. 

Reference Experimcnis. Cross-education, and bilateral trans- 
fer in particular, has been demonstrated in a great variety of situa- 
tions, especially with perceptual-motor activaties, In a typical ex- 
periment on cross-education, the task remains constant throughout, 
but the body parts with whidi it is performed arc varied. We shall 
illustrate with one of the most common eTpenments in the study cf 
cross-education; bilateral transfer in mirror tracing 

The subjects task is to trace a pattern, such as the star shewo 
in Fig. 105, which is hidden from direct view, guiding his meve- 
menls by the reflection of the pattern in a mirror. A variati^® 
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till’s procedure retjuires tlie subject to aim at, and bit, a target re- 
flected in a mirror. This task is initially quite difficult ’ for many 
subjects. It may take quite a time before the reversals in spatial 
direction introduced liy the mirror are fully taken into account. The 
task lends itself ideally to the study of bilateral transfer because 
(1) it is a task which can be well performed witli sraimetiical 



Fig. 105. Star Pattern Used in 
Experiments on Bilateral Transfer of 
Training in Mirror Tracing. 

members-hands or fect-and (2) most subjects start at a low level 
of skill but improve considerably after some practice. 

One conventional design uses an experimental group and a con- 
trol group. The experimental group receives a foretest with tlie non-- 
preferred member (e.g., tlie left hand), a training period witli the 
preferred member {e.g., Uie right hand), and an aftertest \wtli flie 
nonpreferred member. The control group receives only the foretest 
and aftertest. To tlie extent tliat the experimental group shows a 
greater gain from foretest to aftertest, there has been positive bi- 
lateral transfer. Use of a control group, of course, is necessarj' to take 
into account tlie practice provided by die foretest. 
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The results of cross-education experiments ha\-e unlfonnlv shmv-n 
positive transfer effects, even from hand to foot. Fig. 100 graphicallv 
shows the phenomenon of transfer from hand to foot in mirror aim*- 
ing. Tile experimental group was given sixty trials with the right 
hand while the control group rested The graph shmvs the coune 



Fic. 108. Transfer in Muror Aiming. The dotted 
line represents the performance of the experimental 
group, the solid line, iKc performance of the control 
group. (From C. \V. Bray, Transfer of learning, /. 

Exper. Psychol; 1028, II 450, hy permission of the 
journal and the American Psychological Association.) 

of performance wlh the right foot by the two groups. The initial ad- 
vantage of the experimental group is striking: members of this 
group make only half as many errors as the controls. Iloworr, the 
transfer group maintains its adx’antage only over the first block of 
ten trials. Thereafter, the two curx'es o-crlap so much as to be 
almost indistinguishable. It is rather typical of this kind of experi- 
ment that the advantages (or disadx-antages) rcsulUng from transfer 
are confined to the early parts of the aftertesL If it is primarily 
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modes of attack and attitudes which are transferred, we 'may infer 
that the control group makes appropriate adjustments and ..catches 
up with the transfer group at a rather early .stage. , . / 

Cross-education has -been demonstrated with many activities be- 
sides mirrof tracing and mirror aiming. To name but a few other 
perc^>tual-motor tasks, we have: tracing a maze pattern, ball toss- 
ing,* tapping, pursuit of rotating target, and so on. The phenomenon 
is well established, and to multiply the demonstrations much more 
•would have little value. 

Cross -education is, of course, not limited to motor activities. In 
the 'sensory field, we have come to take cross-education so much 
for granted that its experimental demonstration seems almost un- 
necessary. Close one eye and look at a figure. Then close the other 
eye and look at the same figure. Of course you recognize if. The 
result seems so obvious that the demonstration appears most trivial. 
Yet, it is an example of bilateral transfer whch occurs constantly 
in the development of perceptual skills. If the perceptual task is 
made more difficult, the fact of bilateral transfer has seemed less 
obvious and has been considered deserving of experimental demon- 
stration. 

In one experiment, for example, visual recognition was compli- 
cated by exposing the objects peripherally. The subjects needed a 
certain amount of training in order to acquire proficiency in this 
perceptual task. After practice with one eye, there was 100 percent 
transfer to the other eye! Similar results have been obtained in 
experiments on tactual sensitivity. Improvement in discriminating 
one-point stimulation from two-point stimulation (the two-point 
limen) yields virtually complete transfer effects to corresponding 
areas of the sldn, e.g., from one hand or arm to the other. Having 
learned how to read Braille with one hand, subjects can read it 
almost as well with the other. 

As we have already pointed out, cross-education is not confined 
to bilateral transfer. In mirror aiming, for example, there is transfer 
from hand to foot, both homolaterally and heterolaterally. There is 
abundant evidence for intersensory transfer. What we learn with 
the aid of the sense of hearing, we can apply in tasks which are 
primarily visual, and vice versa. We continually apply what we have 
learned about objects by vision to tactual manipulation. Indeed, 


■ritANSFEn OF TUAININC ' 437 

tho cooperation of visual and tactual responses has long been be- 
lieved central to the development of space perception. Such a theory’ 
necessarily implies transfer across modalities.* There is, indeed, 
abundant evidence that cross-education greatly increases the nrper- 
toirc of the organism’s responses and the flexibili^ of it/ adjustment 
to the environment. • * ^ 

The Lesson of Cross-Education. The fact .of cross-^ucalion 
serves to drive home a conclusion to which ive has e already pbinicd. 
Transfer from one situation to another does not depend on the 
physical identity of stimuli or on the identity of responses. >\'licn 
there is transfer from one cj'e to the other, different pathways of 
stimulation arc necessarily involved, and so for other ^pes-of sen- 
sory transfer, ^^'hen a skill is transferred from one limb to another, 
different muscle groups arc necessarily used. Yet. cross-education 
in general, and bilateral transfer In particular, are among the most 
common and most reliable 1)^0$ of transfer. 

Clearly, stimuli function as equivalent for symmetrical sense 
organs, and different parts of the body are more or less equi\*alent 
on the response side. Frequently the equivalence lies in the fact 
that general principles, such as correction for mirror distortion or 
methods of attacking a maze problem, can be pul into effect by 
more than one combination of response patterns. About the neuro- 
logical conditions of such transfer, wc can say little, except to point 
to the obvious implication that the effects of practice cannot be 
limited to a few specific paUnvays and projection areas exercised 
durieg the training. 

The important task for the experimenter Is to study ranges of 
equivalence and their determinants. ^Vhat kinds of stimulus situ- 
ations evoke similar response patterns? ^Vhal lands of response 
patterns are equivalent in the results which they achieve for the 
organism? 

Ejctehiment XXV 

TnA.vsrEn of Tiuctfcw; cf AfAze UMistyc 

Purpose. To demonstrate transfer of training in maze learning; ipe- 
ciEcally, to sho"' that learning of a maze facilitates the learning of a 

Materials. Th-o stylus mazes, stylus, blindfolding goggles or cloth. 
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Maze 1 for Subject 2). The procedure U in all respects Identical wdtli 
that used before, and the trials are again continued until the criterion of 
mastery is reaclicd/As wc have Indicated, the duration of each trial is 
limed by means of a stop «-atch. 

How to Score the Subject’s Performance. If the record, sheet coo* 
fains a p/an of the maze, the cxpcn'menler can enter the subject i moves 
as he secs them being made. On that basis, the numljcr of errors can be 
computed for.cach trial. If the record sheet docs not feature a m-ize plan, 
the experimenter may tally the number of errors. The latter procedure 
has, of course, the disadvantage that the location of the errors cannot be 
identified. 

An error is conventionally defined as (1) entrance Into a blind alle>', 
(2) retracing in tlie correct path. 7n scoring the subject's performance, 
the experimenter should have a clear definition of error in mind He must 
decide, for C'cample, how far the stylus must have been moved info a 
blind alley in order to be classified as an entrance. 

Treatment of Results. The critical comparison is beriseen perform* 
ance on the first task and performance on the second task. According 
to our counterbalanced design, the performance of the two subjects on 
the two mazes is, thus, pooled. 

We compare the performance on the task learned first and on the 
task learned second Nviih respect to the follo\ving scores: 

1. Number of trials required to reach criterion 

2. Total amount of time required to reach critcnon 

3. Total number of errors made before criterion was reached 
To trace the temporal course of the performance, wc obtain; 

4. Number of errors on each individual trial 

5. Amount of time spent on each individual trial 

Learning Curves are obtained by plotting time and errors against trial 
number. 

Comparison of the two maze performances with respect to number of 
triab, number of errors, and amount of time required to reach enterion, 
allows us ti* test for transfer effects. If there is a significant difference in 
favor of the second task, the transfer effects ore positive, if the difference 
is in fa\tir of the first task, the transfer effects are negative. Finally, if 
there is no significant difference, there is zero tramler. It Is interesting 
to compare and contrast the transfer effects revealed by the three meas- 
ures. Does one of them show greater effects Uian the others? 

To quantify the amount of transfer, we compote the percenlago of 
sacing attributable to transfer (see p. 356). Suppose it took 12 minutes 
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master the first task and only 8 minutes to master the second task, 
le difference is 4 minuces or -33.3 percent of 12. We conclude that the 
aount of transfer, as measured by time scores, is 33.3 percent Similar 
ving scores can be computed for trials and errors. 

To represent the transfer effects graphically, we plot the learning 
lives ^Vincent curves may have to be used in combining the results of 
le ^vo subjects; see pp. 284-286). If the time and error scores for the 
:&ond task fall more rapidly dian for the first, this difference may be 
scribed fo positive transfer effects. 

It may be instructive to compare scores for specific alleys. If the two 
lazes are structurally similar, some responses could have been directly 
ransterred (the same alley being correct in both cases), and some re- 
ponses had to be changed (an alley being correct in one maze and blind 
n the other). It may well be that there are negative transfer effects for 
specific turns although the overall effects are positive. 

Finally, it may he useful to examine the subject as to the methods he 
employed in mastering the mazes. Did he use verbal self-instructions such 
as “first left, then right, then left again,” etc.? Did he rely on a visual 
scheme of the maze? To what extent did he e.vplicitly verbalize the prin- 
ciples which made positive transfer effects possible? A careful examina- 
tion of the subject’s report may help to throw light on the factors respon- 
sible for the transfer effects. 

ExPERUtlENT XXVI 

Bilateral Transfer in Mirror Tracing 
Purpose. To measure the transfer from practicing a novel task ivith 
one hand to performance of tlie same task with tlie other hand. 

Materials. A typical arrangement for mirror tracing consists of a 
board to which the sheet uith the star pattern (Fig. 105) can be tacked, 
a mirror in which the pattern is reflected, and a hand shield which 
prevents the subject from looking directly at the pattern. A stop watch is 
needed to time the trials. 

Experimental Design. The experimental design calls for an experi- 
mental group and a control group. The members of both groups receive 
a foretest in which they trace the pattern with their nonpreferred hands. 
The members of tlie experimental group then are given tiventy trials 
ivith their preferred hands while the controls rest. Both groups finally 
receive an aftertest in which they trace the pattern with their nonpre- 
ferred hand. 

Procedure. The subject is seated in front of the apparatus. The hand 
shield prevents him from looking at the star directly, but he can see the 
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paitem reflected in the mirror. TTie subject slips his hand under the 
shield and places the point ol his pcndl on the starting point. The start- 
ing point is directly opposite the subject nearest to the mirror). At 
a signal from the experimenter, the subject starts Ira’cing the star pattern, 
keeping as well as he can svilhin the lines. The espcrlmenter limes the 
duration of each trial svith his stop watch. Throughout the Iriaf, the ex- 
perimenter watches the subject's work closely and records all Crtjrs. 
Touching or crossing a line constitutes an error. If the subject goes out- 
side the line, he must reenter at the same point; otherwise, the recrossing 
constitutes another error. 

Treatment of Results. Each trial is scored In terms of (1) the 
number of erruts, and (2) the time required for compleUoti, To show 
the course of practice with the preferred hand, we plot the number of 
errors and time scores against trial number. In this manner, we obtain 
learning cur\’es for the preferred hand. 

To gauge the amount of transfer, wedetermine for both groups. (1) the 
gain (or loss), in errors, and (2) the gain (or loss) in time between 
foretest and afterlest. The differences between the gains (or losses) of 
the two groups provide us with a measure of trajisfef. The significance of 
these differences should be tested. 

Certain additional observations are of interest. How do the changes in 
time compare with the changes In error scores? If one measure shows 
transfer effects to a larger extent than the other, what might be the ex- 
planation of this discrepancy? If there is such a divergence be^vecn the 
two measures, how is it related to the shape of the learning curves for 
lime scores and error scores? 
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EMOTIONAL BEHAVIOR' 


Tiie Natxjre or Emotional States ' 

One of the concepts which psychology has taken over from com- 
mon usage but has often found difficult to handle analytically and 
experimentally is that of cmoffon. Wc all have, at one time or 
another, observed organisms in a highly aroused or highly depressed 
state and have described such states as emotional. Our language 
is replete with terms thought to describe diHerent emotional states. 
Many attempts have been made over the years to correlate such 
states with specific situations on the one hand, and with specific 
bodily changes on the other. The results of these investigations 
have often been contradictory or, at best, inconclusive. 

There is no doubt that under conditions of extreme stress radical 
dex'iations from the normal level of function occur. Thus the physi- 
ologist Cannon was able to demonstrate In a long series of experi- 
ments that in emergency situations, there occurs a widespread sjm- 
drome of specific reactions. These reactions inxolvo ^ieily the 
circulatory, respiratory, and digestive systems and are mediated 
primarily by the autonomic nerx-ous sj’stem and a hormone of the 
adrenal glands. Jleliable as tJiese reactions arc in extreme situations, 
abundant experimentation has shown that there is little or no cor- 
relation behveen specific stress situations and specific bodily sjm- 
dromes. Thus in anger, fear, general excitement, etc., highly similar 
bodily reactions take place which serve to mobilixe the energy 
resources of the organism to cope with the stressful situation. These 
reactions are manifold, but some of the most striking thanges in- 
clude heightened blood pressure, greater readiness of the blood to 
dot when the body is wounded, slowing dmvn of digestive actix^• 
ties, increase in the blood sugar level, a faster pulse, and general 
445 
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increase in the tension of tiie skeletal muscles. But none of these 
changes seems to be specific to any particular stress situation. 

Diffebektl^tiox of Emotional States 

How is it possible, then, to differentiate in language and action, 
with some degree of success, among the different emotional states? 
The answer seems to lie in the fact that we do not make our differen- 
tiations solely on &e basis of bodily expressions. Our judgment of 
emotion is aided by at least partial Icnoivledge of the stimiikis 
situation and the knovdedge of the npe of reaction our culture 
expects. Thus when we \%ntness a severe insult, we ordinarily ex- 
pect the emobon of anger to be displayed- We are further aided 
in our judgment by our i^erence as to xvhat the purpose of the overt 
behawor in a given situation migbt be, wbether it be directed to- 
v.’ard flight or attack, for example. Whatever information we may 
have about an indii’iduals habits of response uiH also help in the 
interpretation of emotional beha\ior. 

The development of a set of terms designating different emotions 
is also anchored in our owm responses to stressful situations. Faced 
wth various stressful situations, we have learned to employ dif- 
ferent verbal responses, ^^’hen we are insulted, we are prone to 
utter invectives and to describe ourselves as nngry. This continuous 
use of labek to describe our own reactions contributes to the for- 
mation of a highly differentiated language of emotions. 

It is clear, then, that what is ordinarily called emotion stands for 
a number of diverse elements: the nature of the stimulus situation, 
our verbal responses to it, a series of internal bodily changes, overt 
action in the situation, and culturally determined expectations. 

Some .Measches of Physiological 
Ch-ange d: Emotion 

In spite of the lack of correlations with specific situations, bodilv 
changes form an important part of our reactions to emotional stim- 
uli. Therefore, these bodily changes have, in fact, been %videlv 
investigated. By the nature of the problem, most of these in^'esti- 
gations are properly conducted in the physiological laboratory’'. Cer- 
tain of tiiese bodily expressions can, however, be profitably included 
in the imestigation of t!m behaxioral and judgmental components 
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of emotional reactions. TIius respiratory changes, changes in blood 
pressure and heart rate, and changes in the resistance of the slin 
have been frequently measured In psj'chological studies of emotion. 
In the discussion which follows \vc will emphasize the experimental 
procedures by which such measurements are made. 

Respiratory Changes. Two important phases of the respiratory 
cycle are distinguished: the inhalation and the exhalation of air. 
The temporal sequence of Inspirab'on and expiration is described 
in Fig. 107. Inspiration is typically ch-iracterizcd by a rapid intake 
of air and is followed by a more gradual expiration. Both the relative 
amplitude and the relative duration of these two aspects of the 



Fic. 107. The Bespiratory Cycle. 1 denotes in- 
spiration; £ stands (or expiration. (From R. S. 
\Voodworth, £xpenmenf<j/ psycholop;. 1038, p. 202, 
by permission of Henry Holt and Company, Inc.) 

breathing cycle have been used in quantitative investigations. The 
amplitude refers, of course, to the height of the curve in Fig. 107. 
The temporal aspect has been quantified by the ratio of duration 
of inspiration to duration of expiration. This ratio, //£, is called 
the inspiration-expiration raUo 

A device to record Oie durations of inspiration and expiration is 
called a pneumograph. This instrument consists simply of a rubber 
tube fastened around the chest of the experimental subject. Tliis 
tube, through an airtight joint, continues to a small chamber of 
air. Stretched across this chamber is a rubber diaphragm. Moic- 
ments of this diaphragm cause a Ie\'er to record on a rei-olving 
drum the rise and fall of the subjects chest. The combination of 
rubber diaphragm, attaclied lever, and chamber of air is knmim as 
a tambour. The lever is caused to moi-e by chest movements be- 
cause the system is an airtight one. Tlie sensitivity of the I/E ratx) 
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can be demonstrated in many a variety of situations. Many sudden 
or tension-producing stimuli cause us to catch our breath and 
thus alter the l/E ratio. An unexpected loud sound, a- threat, the 
expectation of a noxious stimulus-all these produce measurable 
changes in the breathing cycle. Similarly, when we pay close atten- 
tion to a stimulus or perform a difficult discrimination, we alter our 
breathing. Such activities as speaking and laughing clearly intro- 
duce radical, changes. Because the l/E ratio is an indicator of 
expectation 'and tension, attempts have been made to use it for the 
discovery of deception. One e.\'perimenter found that an individual s 
l/E ratio behaved differently after he told a falsehood than after 
he told the truth. These results have not been generally confirmed, 
however, and the use of breathing changes for lie detection is still 
in doubt. 

Changes in Blood Pressure. Variations in blood pressure have 
often been reported as characteristic of emotional reactions. Meas- 
urements of blood pressure are made by means of a sphygmoma- 
nometer. This instrument, shown in Fig. 108, consists, of an inflatable 
rubber bag which is fitted around the subject’s upper arm. This 
bag is connected to one side of a U-shaped tube which contains 
mercur)'. The upper portion of the other side of the U is evacuated. 
When the bag is inflated, it exerts a pressure in the U tube which 
causes the mercury to rise in the evacuated side. This pressure is 
increased until it exceeds that of the blood. In this way, the blood 
stops flowing through the artery. By means of a valve, this pressure 
is slowly reduced until the experimenter can just detect the re- 
appearance of the pulse with the aid of a stethoscope. The pressure 
at this point is then indicated by the height of the mercury column. 
The pressure so read is known as the systolic blood pressure. By 
allowing more air to escape from tire rubber bag, the pressure is 
further reduced until the sounds heard in the stethoscope suddenly 
drop in intensity and acquire a muffled quality. The pressure at this 
point is again read and is then known as the diastolic pressure. 

Usually, changes in the systolic pressure are measured in emo- 
tional situations. The most general statement which can be made is 
that systolic pressure tends to rise during excitement. Our previous 
statement that specific bodily changes show little or no correlation 
with specific emotional situations certainly holds true in the case 



Fic. 103. Sphygmomanometer Used in Measunng Blood Rrssure. 
The symbols are as follow’s, m, mercuiy column and scale, h, pressure 
bulb; V, needle vaK’e. c, cuff. (From /. P. Fulton, IlotcrWi textbook of 
physiology, 1946. p. 672, by permission of \V'. B. Saunders Co. and the 
W. A. Baum Co.) 
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of blood pressure. Changes have been recorded in a larg^ - variety 
of experiments. It is not possible to state what specific emotional 
characteristics of a situation determine a rise in blood pressure. 

Blood pressure does not provide the only measure of circulatory 
reactions in emotional situations. Changes in blood distribution 
and in pulse rate, for example, are otlier variables of circulatory 
response. Special instruments are available for the measurement 
of each of these types of response, e.g., the plethysmograph for 
gauging changes in the volume of the blood in part of the body 
and the sphygniograph for the determination of pulse rate. As in 
the case of blood pressure, the general trend of the results indi- 
cates changes during excitement, but practically no correlation with 
specific emotional situations. 

Changes in Skin Resistance. Among the most widely investi- 
gated bodily expressions in emotional situations are changes in the 
electrical resistance of the skin. By passing a weak current through 
the skin, it is possible to measure the level of skin resistance and 
the changes in this resistance. 

For the purpose of measuring skin resistance, two electrodes 
(usually consisting of flat metal disks) are strapped to the subject’s 
hand or to some other convenient part of the body. Although dif- 
ferent types of instrumentation have been used, two items are essen- 
tial; a source of current and a device for measuring resistance. Fig. 
109 gives a schematic diagram illustrating the basic metliod of 
measurement. In Fig. 109 the source of current is the battery, B. 
The circle indicates the subject’s hand, and the c’s the electrodes 
attached to it. The resistors in the circuit are denoted by R. The 
variable resistor, Rj, is adjusted until the galvanometer, G, shows 
no deflection. Then anotlier variable resistor is substituted for the 
resistance offered by the subjects hand, and this new resistance 
is adjusted until the galvanometer again shows no deflection. The 
value of this inserted resistance matches the level of resistance 
of the subjects skin. For more rapid changes, it is not practical to 
remove the subjects hand and to substitute another resistor. To 
gauge rapid changes in resistance, the deflections of the galvanom- 
eter are calibrated to read skin resistance directly. 

As our description of the apparatus has indicated, two tj'pes of 
neasurement are made: measures of the general level of resistance 
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and measures of rapid changes. As Fig. 110 slimw, at the begin- 
ning of sui experimental session, the slin resistance has a rehtiveW 
high value. As tlie experimental session progresses and the subject 



Fic. 109. Schematic Diagram of Apparatus 
Used m tJic Measurement of the Galvanic Skin 
Besponse. B, battery, R, resutor; /t|, vanabic re- 
sistor, C, galvanometer, e, electrode; O, subject 
(From R. S. Woodworth, Experimental psychoh^y, 

1938, p. 278. by permission of Henry Holt and 
Company, Inc.) 

becomes more apprehensive about the purpose of the electrodes, 
his resistance level becomes less and less (Day 1). In the case 
of the e.xj>crtment m wlucli Fig 110 was obtained, a “ready" signal 
was giv en near the end of the Gth minute and was tlien followed by 
a loud noise. The licightened expectancy* induced by the "ready" 
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Fig. 110. Changes in Skin Resistance Observed 
During Experimental Sessions in Which Startle Was 
Evoked by Means of a Loud Noise. As the session 
progresses and the subject’s expectancy is building 
up, the skin resistance is lowered and drops further 
Nvhen the “ready” signal and finally the noise itself 
are given. The difierence between the lower curve 
(day 1 of the experiment) and the upper curve (day 
5 of the experiment) shows the effects of adaptah'on 
to the situation. (After R. C. Davis, Modification of 
the galvanic reflex by daily repetition of a stimulus, 
J. Exper. Psychol., 1934, 17:510, by permission of 
the journal and the American Psychological Asso- 
ciation.) 


signal and the startle caused by the loud noise resulted in a further 
rapid decline in resistance. That the subject becomes adapted in 
this situation is indicated by the curves for a subsequent day of 
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the experiment. Fig. 110, then, illustrates relaUv-ely slow changes 
In the Ie\'cl 'of skin resistance. 

The more rapid change In resistance which can be readily related 
to the presence of certain stimuli Is known as the galzanle skin re- 
sponsc (GSR). The more rapid change after the “ready" signal and 
in the presence of the loud sound represents such a GSR (Fig. 110, 
Day 1). Such deflections may be elidled by a wriety of stimuli. 
Electric shocks and loud noises arc uniformly cffecti\'e. The more 
general rule Is that unexpected stimulab'on, cxto though not In- 
tense, results in the GSR. The more Intense stimuli, ho\vc\-er, elidt 
the GSR \wth higher frequency and with greater amplitude. The 
readiness with which the GSR can be elldtrf by a large \’ariet)' of 
stimuli means that it cannot be used to distinguish one emotional 
situation from another. 

What, then, are the conditions for the appearance of the CSR? 
Physiological Investigation has shown that, as typically measured, 
the appearance of the response indicates increos^ actidty of the 
sweat glands. The presence of penpiration under the electrodes 
lowers the resistance to the passage of an electric current. Since 
the sympathetic division of the autonomic nervous sj’stem Inner- 
vates the s\s*eat glands, the appeanincc of the GSR Indicates that 
the sympathetic nen'ous system is aroused, at least to a certain 
degree. Nmv, it Is kno^va that the ^■mpatbelic nervous s)’stcm tends 
to act diffusely and is thrown into action by stressful situations. It 
is, therefore, not surprising to find that the GSR appears in many 
situations which, on other grounds os well, we would classify as 
emotional. On the other hand, GSR's have been recorded in many 
situations which, on other grounds, vfc would classify as only mildly 
or not at all emotional. 

Facial Expression of Emotioks 

One of the most commonly observed manifestations of emotion 
is facial expression. Facial expression derim its special importance 
from the fact that It is a sign of emotion continually used and reacted 
to In social relations. Experimental investigations have been ad- 
dressed to two classes of problems: (1) Are specific facial expres- 
sions correlated with specific emotional situations, and (2) ho%v well 
can individuals judge emotions on the basis of facial expressions? 
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Correlation of Facial Expression witli Specific Emotional 
Situations. There are two main ways of approaching tins ^rcib- 
1cm. Having subjected individuals to a variety of emotional situa- 
tions, we may correlate tlreir facial expressions cither with the type 
of situation or witli the .verbally reported emotions. Both approaches 
have, in fact, been used. It has been found tliat facial e.xpressions 
vary too much from individual to individual in a given emotional 
situation to make it possible to consider any one expression typical 
of any gir'cn situation. 

Similarly, it has been found tliat there is little or no correlation 
between facial expression and tire verbal report of emotion. These 
findings are based on studies in which individuals were subjected 
to situations primarily stressful in character. Photographs were 
taken of their expressions during those situations, and it is on the 
analysis of tlicse photographs that die .above conclusions were based. 

It is interesting to note tliat when subjects were asked to pose, a 
much better correlation was found between tlie intended emotion 
and the posed facial expression. This finding emphasizes tliat facial 
expression sen'es in part as a means of communication. In a given 
society, a facial expression may serve tlie same function as a verbal 
sign to indicate, say, joy, grief, or surprise. Serving as a useful 
sign, it quickly becomes stereotyped. 

Judgment of Facl.al Expression. Experiments under this head- 
ing have dealt with two interrelated problems: (1) How well do 
judges agree among each other in tlie name tliey apply to a given 
facial expression, and (2) how well do judges agree witli tlie re- 
ported emotion or with the intention of tlie person who poses a 
given emotional expression? 

In a large number of studies, subjects were confronted witli pic- 
tures of posed facial expressions and asked eitlier to name them 
or to choose among a list of suggested names. In general, taking 
tlie subjects responses at tlieir face value, little agreement has been 
found. A wide range of names was used for any given pose. Many 
e.vperinientyrs have been prone to conclude that agreement in judg- 
ing emotions is not much better tiian chance. 

The interpretation of tiiese experiments, however, poses a special 
metliodological problem. In evaluating the names assigned to the 
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photographs, It is necessity to tale Into account the different dc- 
grecs of similarity among tJie names assigned to any one picture. 
Tlius the names mge and anger surely denote more agreement than 
would the hvo namea* rage and surprise. Whea degree of sfmtlarit)' 
is tlius tahen into account, mudi more agreement among the judges 
is obtained. 

The second experimental question raised in this context concerns 
the “correctness" of the judgments. If a pose, for example, was 
intended to depict anger, what proportion of subjects would de- 
scribe it so? Again taking the names assigned at chosen at their 
face value, only a small proportion of the subjects are able to male 
a correct judgment. If, as before, (he degree of similarity among 
the names is taken into account, the percentage of judgments 
which should be regarded as correct is considerably increased. 
As Woodworth pointed out, "We need to scrutinize the judgments, 
asking how far wrong they are. We need a scale, rough though it 
may be, for measuring the error." • Thus in one experiment a pose 
intended to depict surprise, was judged as surprise by 52 percent 
of the subjects. However, if to this percentage are added those who 
used the names wonder, astonishment, and amazement, the per- 
centage of presumably correct judgments is increased to 83. Such 
findings suggest that posed facial expressions can be judged «ith a 
fairly high degree of accuracy, which is what we \vould expect in 
vimv of their social utility for communication. 

As for Spontaneous facial expressions recorded in more or less 
"rear emotional situations, wc have already seen that there are 
no unique patterns of facial reactions for a given situation. It fol- 
low’s that judgments of such expressions carmot be verj’ successful. 
Experimental investigations have supported this conclusion. 

In summary, spontaneous fadal expression shows little spcciEcit)' 
with respect to either situation or verbal report. Posed facial ex- 
pressions, on the other hand, constituting a type of language, arc 
mucli more uniform and are judged by others with a greater degree 
of success. 

tit S. Woodw-orth. Expertmmlal piycftoiogy. New Yeri:: Iletuy Holt tad 
Co.. 1933. p. 249. 
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Experiment XXVII ■ . ' 

Measurement OF Bodily Change in Emotion 
A variety of bodily changes are included in what we call emotional be- 
havior. In this experirnerit, the techniques for the measurement of two 
t>'pes of bodily changes will be illustrated. 



Fig. 111. Schematic Diagram of Apparatus Used 
in the Measurement of Changes in Respiration. 


Purpose. To measure changes in respiration and skin resistance 
evoked by stimuli intended to produce emotional reactions— startle and 
fear. 

Apparatus. A pneumograph, a tambour, connecting tubes, and 
kymograph or polygraph are required for the measurement of changes in 
respiration. The recording system is connected to the pneumograph in the 
same manner as described above (p. 447) and is represented schemati- 
cally in Fig. 111. If the paper on which the tambour writes does not move 
at a constant speed, some provision should be made for a time line. 

For measuring changes in skin resistance, a specially- calibrated gal- 
vanometer, sometimes known as a psycho galvanometer or dermatometer, 
is required. This device includes the various parts of the circuit shown in 
Fig. 109. If a psychogalvanometer or its equivalent is not available, the 
measurements in this experiment may be restricted to respiratory changes. 

To produce startle, a loud noise is a very reliable stimulus. A great 
variety of instruments may, of course, be used for this purpose. The chief 
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r'equirementa are sudden onset of the stimulus and high intensity of the 
sound produced. The effectiveness of the stimulus li increased if it is 
administered unexpectedly. A loud bell or buzzer may be used con- 
veniently. . . ^ 

To produce fear, an electric shocting device may be used. For the 
description of a convenient device, see pp. 303 f. This shock Is adminis- 
tered to the hand. 

Procedure. The subject is seated in a comfortable position. A pneu- 
mograph is strapped around his chest, and adjusted until a regular 
inspiration-expiration ej-cle is recorded by the tambour. The electrodes o! 
the psychogalvanometer are securely fastened to one hand, and tlie 
electrodes for shock to the other. 

1. Startle. After all preparations have been completed, the experimenter 
watches the subject's breathing record until a regular rhjihm is es- 
tablished. Then, ^vithout warning, a loud sound is produced, and at 
the same time the key for the signal marker is depressed. In this svay. 
It Is possible to locate on the record the exact time at which the 
stimulus was given and abo to gauge the approximate latency of the 
response. To get the most clearcut result, it is advisable to adminbter 
the sound as closely as possible to the end of an expiration period A 
marked increase in the amplitude of the Inspiration is then more Lkely 
to appear. 'This procedure should be repeated several limes. The 
degree of unexpectedness will, of course, be reduced after the first 
time. To offset the subject’s habituation, at least in part, tbc sound 
should be given at irregular Intervab. The magnitude of the respira- 
tory response, hmvever, will probably decline in the course of the 
session. 

The unexpected loud stimulus will produce not only respiratory 
changes but also the CSR. Both changes can be recorded at the same 
time. Special, and rather complex, apparatus b required for the 
graphic recording of the GSR. It will be sufficient for most purposes 
if an additional experimenter reads off the deflections of the galvanom- 
eter and records them. 

2. Fear. To induce the emotion of fear, the experimenter announces that 
he will adminbter an electric shock to the subject Thb announce- 
ment in Itself will probably produce changes in both breathing and 
sldn resistance. Following the procedure outlined in Experiment .MX 
shocks arc admfnbtercd and gradually Increased until a modersfe^ 
tensity b found. During the procedure of adjusting the Intensft>’^[^ 
shock, further changes in breathing and skin resistance will 
wluch may or may not be measured. To increase the later 
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ness of the shock, the subject is then misinformed that the intensity 
will be doubled on the next presentation. This is, of course, not done 
in fact. Having found a working intensity of shock, the experimenter 
waits until both breatliing and skin resistance are again stabilized. He 
then unexpectedly administers the shock at the intensity previously 
determined. As before, the key of the signal marker of die polygraph 
is depressed simultaneously with the administration of the shock, and 
the deflection of the psychogalvanometer is read by another experi- 
menter. 

As we have emphasized, the inducement of emotional responses in the 
laboratory is diEBcult and often is not achieved. The chances of success 
will be increased if a “na'ive” subject is used who is not acquainted u'ith 
the purpose and the procedure of the experiment. In the part of the 
experiment using shock, the effectiveness of the stimulus will also depend 
on the subject’s tolerance for shock and his previous exposure to it. More- 
over, changes in respiration and sldn resistance may occur even though 
the subjects do not report an emotional response. 

Treatment of Results. If the experiment is intended only as a dem- 
onstration, it Nvill be sufficient merely to observe the graphic record of 
respiration and to tabulate the magnitude of galvanometric deflections. 

If It is desirable, more thorough quantitative indices may be obtained. 
The amplitude of inspiration can be plotted as a function of time. The 
increase in amplitude following the startle or shock stimulus should be 
apparent in such a plot. If the graphic record permits, the I/E ratio- 
duration of inspiration over duration of expiration-can be determined 
and plotted against time. Again the change in the ratio following the 
critical stimulus would appear in the plot. Finally, it may be interesting to 
tabulate or plot the changes produced by successive presentations of the 
stimuli in order to show their decreasing effectiveness as the subject be- 
comes adapted to the situation. 

Experiment XXVIII 
Judgment of Facial Expression • 

It will be remembered that posed facial expressions can be judged with 
a fair degree of success and reliability by a group of subjects. The fol- 
lowing e.xperiment demonstrates the typical procedure on which this 
conclusion has been based. 

Purpose. To measure the accuracy of judgment of posed facial ex- 
pressions and the amount of agreement among the judges. 

Materials. A series of photographs depicting various posed facial ex- 
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prcssioru ij used. In Fig. 112 arc reproduced examples from a scriej of 
such pictures. Each picture fs mounted separately on a cardboard lack 
and identified by a letter or number. The experimenter is pnn-iJod with 
a Xey specifying the emotion intended for each of the pictures A tally 
sheet is, of course, necessar)’. 

Procedure. The expenmenler presents the pictures in a random 
order. Each experimenter determines his o\»‘n order of presentation. The 
subject is allowed to foot at the picture as fong ns he Ides and is in- 
structed to name tlie emotion which he believes is represented by the 
picture. 

An oltemalive procedure is to prmi'de the subject with a list of names 
and asfc him to check the most appropriate one. This procedure modifies 
the experimental situation because It infroduces the factor of suggestion. 
Especially if the Judgment is a diOicult one, the subject may accept one 
of the names listed even though he may not consider it an adequate one. 
To push suggestion to its matimum, it would be possible to attach only 
one name to each photograph and to require the subject to agree or dis- 
agree. 

Treatment of Results. The results ere used to annsTr tsvo qtwS' 
tions: (1) How correctly do the subjects Judge each of the photographs? 
(2) How well do the Judges agree in tlieir use of names’ 

1. Correctness of judgment. For each photograph, the names gixm by 
the subjects arc listed and the frequency with which each name has 
been chosen is tabulated. After this preliminary tabulation, the names 
should be grouped according to their similarity in meaning. Some 
groups may be reasonably considered as fully correct, some as par- 
tially correct, and some as definitely incorrect. Tlie percentage of 
choices falling into each group is then computed. These percentages 
provide a quantitative index of the accuracy with which the photo- 
graphs has'e been Judged. The percentage values will, of course, 
depend on the leniency or strictness mlh which the names are 
grouped as synonymous or clowly similar. Such groupinp can prob- 
ably best be made by class discussion Tbe percentage v-aloes for 
different photographs are then compared to show that some photo- 
graphs are more accurately Judged than others. Finally, a mean index 
of accuracy for the entire senes can be stated, dniding the number of 
choices classified as correct by the total number of choices. 

2. Extent of egreemenf among ftsdges Extent of agreement among 
Judgments of a gi' en photograph x*aries in part %nth accuracy* “Hms 
If all subjects judged a photograph accurately, their judgments would 
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have to be in 100 percent agreement. There may, however, also be 
agreement among their inarcurate judgments. Thus 20 percent of the 
judgM^ay call a picture intended for joy, one of surprise or wonder. 
Inieed^~if -fee intentibn-of;the poser is the principle of classification, 
there may ibe- 100’ percent agreement among the judges on an in- 
accurafe-'clk^ce. An exact numerical index of agreement is difBcuIt to 
construct' bill an adequate, though somewhat rough, measure is pro- 
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BEHAVIOR IN SOCIAL SITUATIONS 


THE body of this book has been concerned with problems which 
may well be described as the experimental ps)’cholog\' of the in- 
dividual. Our main emphasis has been on the individual orpanism, 
its sensory and perceptual capadties, the laws governing Individual 
learning, retention, and emotional behavior. But the environment 
in which man lives is a social environment, and sodal relations 
with others are important determinants of an Individual’s behavior. 
It seems hardly necessary to emphasize or illustrate this point; 
throughout life, much of our behavior is In one way or another 
conditioned by our fellow men, stimulated by them and directed 
toward them. It is to the discovery of the wuys in which the general 
laws of behavior manifest themselves in the interaction of indi- 
viduals that social pS)'cho]og)' addresses itself. 

In the broadest sense, any experiment in which a subject and ex- 
perimenter face each other constitutes a social situation. The moti- 
vation of the subject, his acceptance of instructions, his communica- 
tion and cooperation with the expcrimeler-all these could be 
legitimately labeled social variables. In most cxpcrtmenls, however, 
such influences can be well controlled and do not contribute ap- 
preciably to variations in observed behavior. In Oiis chapter, «e 
shall address ourselves explicitly to experiments in whicli the 
nature of the social situation significantly determines the behavior 
of the individual subjects. 

Tice FonMATioN of Norms 

Group Influences on Perception and Judgment. In Cha;^ 
U, vve emphasized the dependence of judgments on the sub/fxr^ 
jurdslick of the judge. N\Tiat is large and what is small van«*": 
the subjective criteria of the judge and depends on the rs^ 
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m 3 S:nitudes to which he is accustomed, whether or not he is aware 
of toe nature of his standards. Social ioBuences—toe judgments and 
norms of njhers-signiBcantly affect an indmduals standards of 
judgnrent.*rbe groups of which we are members influence our pex- 
ception|fand iud 2 ;ments,toelp to build up the subjecto'e jnrdsticks 
which ats^carr)' around wito ns in daily life. 

An Experimental Paradigm for Studying the Formation of 
Norms. It is pas.sible to study experimentally how an indixidual s 
standards of juds^nent are acquired in a social (context. Low they 
represent conformitv to a social norm. M e shall now describe, in 
some detail, a well-known inv'cstigation which has prowded us with 
an experimental paradigm for studj-ing the fomration of social 
nonns.^ 

In an experiment designed to study toe /ormnffnn of norms in 
a social context, it is desirable to create a situation in which norms 
acxjuired outside toe laboiutow c,annot function. In such a situation, 
toe growth and development of social nomas can he investigated. 
Aiiickinct^c ;ncrrcmcni is a phenomenon well suited for this pur- 
pose, When an observer looks at a pinpoint of light in an otoensise 
completely d.ark room, the light though physicily stationanv nail 
appe.ar to move after a few moments of fixation (see pp. £13 f.). AIL 
observers agree on this phenomenon, although the ext^t and duec- 
tion of apparent movement may ^'aI^' widely from person to person. 
The absence of a spatial framework for the localisation of the 
light makes the extent of the phenomenon veia- unstable, Certaink, 
the ohserc-er who first experiences the phenomenon has no weli- 
estahlished standards for judstoig it 

,\ltoough obsen'eis enter this situation without standards of 
judgment they quickly acquire them. To gauge the influence of 
a soci.al group on the acquisition of standards^ the following ex- 
perimental design was employed. The subjects were required to 
estimiate the extent of apparent movement Half toe subjects first 
did so alone (i.e., with only the experimenter present) and then 
participated in a group situation in xvhich each person announced 
his estimates aloud. The other half of the subjects first serv'cd 
in a group situation and then worked alone. 


“ pa-c-jptjKi, .Arch, r.-vehoT,, 15S5, 



BEHAVIOR IN SOCIAL SITUATIONS 4C3 

The main findings of the shujy may now he jt/mmarized. Hrst 
of all, the results clearly indicate tlut each subject in this hi^hlv 
unstable situation quickly builds up a subjeefixe standAril of fudg- 
ment Instead of giving an erratic series of estlmatcjf a? one miqM 
expect in tJie absence of any physical movement 0^spat^fl frame- 
work, eacli individual settles dowm to a t^yfcal range o^Vviinuh**. 
Relative to this range (and the ranges may differ consideraldy 
from subject to subject), be judges movements as long, short, or 
medium. IIovv docs a social context affect the formation of standards 
of judgment? Fig. ]13 provides the aiiswer. As each individual 
announces his judgments In the presence of others, the members 
of the group converge toward a common stand.ird-a social iinnn 
is cst.iblishcd. In those cases In which the subject first cxj>ericnc«l 
the phenomenon m a group situation. tJie social nonn emerged 
early and was then carried over into the individual sessions, TIiosc 
subjects who first established a personal standard and then sened 
in a group converged more slowly toward a common norm but 
finally did so In all cases. Tlio subjects whose median judgments In 
successive group sessions are plotted (Fig 113) in the graphs on 
the left first served as individuals and then as members of a group. 
The subjects whose records appear on the right first sen ed as mem* 
bers of a group and then as individuals. Comparison of the two sets 
of graphs indicates that convergence to a group norm is slowed down 
by previous experience with the phenomenon. 

It is important to emphasize that tlie group norms did not seem 
to result from the uncritical acceptance of a standard set by a leader. 
The subjects announced their judgments in random order and their 
influence on each other was cumulative until a norm accejitablc 
to all emerged. Sometimes, indeed, the subjects were not aware 
of the fact that they were being influenced by the judgments of 
others or even believed llicmselves free of sucli influences. 

This experiment exemplifies one successful paradigm for the 
study of social processes m the laboratory. It also drives home an 
important methodological point, social detcrmimanls of behavior 
may be studied profitably through tlieir effects on such individual 
cognitive processes as perception, judgment, and thought. The 
characteristics of the social situation arc our independent varfabics; 
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tlie obscncd changes in tlie indiWdual’s bcha>ior, Jiit per- 
ceptual and judging responses, are our depenclecit \arublcs. 

The Tacfor of Anibiguh^. One more niithodological point 
should be considered in connection with this experiment. Tlie situ- 
olion in which the deselopment of perceptual norms wA studied 
may well be described as “ambiguotis." "Ambiguity" refers to liic 
fact that the nature of the stimulus situation does not compel sub- 
stantial agreement in a 5.ampfe of obfenvrs. the tjpc of agreement 
that occurs if a group of individuals is required to name the objects 
of furniture in a room. AutoUnesis ma)' be described as amhlgucms 
because the extent of movement observed varies sWdely from sub- 
ject to subject. This particular situation was cliosen because subji-cts 
enter it without any preestablished standards of judgment. We must 
not conclude, however, that social norms arise and function only in 
situations winch are “ambiguous" or “unstructured." Esxn when the 
situ.ation is made less ambiguous— for example, by requiring subjects 
to j'udge actual physical movement and visual extent in a group 
situation— convergence of individual judgments toward a group 
norm takes place. 

Tlierc is good reason, however, why ambiguous situations are 
frequently used for the demonstration of soci.il miluences on per- 
ceiving and judging. It is diniciilt in a bnel laboratory expv'rimcnt 
to counteract wcU-cstablishcd habits of perceiving and judging. Tlie 
experimenter may cliooso one of two methods of approach. ( 1 ) he 
may work with ambiguous situations for which there are no well- 
established norms of judgment, or (2) ho ma) work with un.im- 
bijTiious situations but employ subjects with different albludcs and 
standards of judgments and demonstrate the effect of such differ- 
ences on perceptual and judgment behavior. Both t)pcs of expen- 
menls can be, and have been, conducted to investigate the effects of 
social variables. Tlie two methods arc not. of course, mutualh ex- 
clusive, nor is ambiguity an all-or-nono an.air. All gradations of am- 
biguit)’ and all gradations of differences in subjective attitudes and 
standards of judgment are encountered in this type of expenmcnttl 
work. 

Suggestion and SuccEsnniLmr 

Suggestion. Our sy-stem of social rewards and punishments pro- 
vides us with strong motivation to compl)' with current norms, 
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accept the standards of the majority and of those in authority even 
if we had no part in evolving these standards. Often, such conformity 
becomes almost automatic, eliminating or severely reducing critical 
evaluation. When stimulus conditions are created which lead to 
uncritical conformity, we' speak of suggestion. 

Wliat are the features peculiar to suggestion which mark it off 
from other processes? Many habits are carried out automadcally 
and, in that sense, uncritically, and yet it would be absurd to label 
all such activities the result of suggestion. The distinguishing char- 
acteristics of suggestion must be sought in the social situation in 
which the behavior takes place. Suggestion involves the manipula- 
tion of one individual’s behavior by another. The suggester wishes 
his subject to carry out a certain action. He stimulates his subject— 
often with the aid of language and other symbols— so that the latter 
. carries out the desired activity. The subject is often unaware of the 
fact that his behavior has been deliberately manipulated. The sug- 
gester utilizes his subject’s past conditioning and learning in order 
to make him conform. Advertising and political propaganda pro- 
vide many instances of suggestion. Advertisers try to boost their 
sales not only by demonstrating the merits of their products but 
also by appealing to extraneous motives— such as “keeping up witli 
the Joneses’’— which will intensify the desire to buy. Similarly, poli- 
ticians often will not rely too heavily on rational arguments in 
support of their party but will try to tap attitudes and habits which 
may be unrelated to the issues of the election but will bring out the 
right vote. Whenever such manipulation of behavior is successful 
and produces conformity, we speak of suggestion. 

Types of Suggestion, The subject at whom a suggestion is 
directed may or may not know that an attempt is being made to 
manipulate his behavior. On this basis, two types of suggestion may 
be distinguished; (1) direct suggesb'on and (2) indirect suggestion. 

We speak of direct suggestion if the subject knows that the sug- 
gester is trying to sway him, that pressure to conform is being 
brought to bear upon him. He may even realize the nature of the 
appeal which is being made and be aware of the motives and atti- 
tudes which the suggester is trying to arouse. Understanding of the 
nature of fte suggestion does not, however, necessarily lead to suc- 
cessful resistance to the suggestion, provided the motivation aroused 
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by the suggestcr s nppcal is strong ramigli. Ths suggcstcr msv male 
no attempt to conceal his purposes and yet cause his subjects to cim- 
form. Political campaigners and advertisers often use direct sue. 
gestjon with success. 

Indirect suggestion occurs when the subject is net a«-are of tiio 
means by which his behavior is being influenced. Tlic suggestcr 
succeeds in concealing his aims and methods from the subject. Tlic 
subject may thinh that he is acting for his own Interest sshile sen. 
ing the purposes of the suggester. The advertiser, for example, who 
argues that to own a musical instrument is a sign of "culture" and 
thus plays on his reader's aspiration for social recognition, uses 
indirect suggestion. 

Suggestibility. The concept of suggestibility is complemenlafy 
to the concept of suggestion. ^tTiereas suggestion refers to the 
stimulus conditions which produce conformit)’, suggestibility de- 
notes an individual’s tendency to conform, i.e., to accept the sug- 
gestion. In any given situation, wide Individual differences in 
suggestibility may be encountered in a sample of subjects. There 
will be some who readily and fully accept the suggestion. At the 
other extreme, there will be those who remain completely unaffected 
by the suggestion. It may, indeed, happen that the subject will do 
exactly the opposite of what the suggester wishes him to do. In svtch 
cases, we speak of countersuggestiMi/y. Between these extremes, 


tion in another. There is, indeed, little evidence tor a general tratt 
of suggestibilit)'. We turn next to n discussion of tlie variables of 
which suggestibility is a function. 

TiIE DETEn.’»fI.V/tNT5 OF SuCCESnnjLTTY 
Although examples of suggestion may be clrawm readily from 
daily experience, our greatest advances in understanding Uie 
meclvanisms mediating suggestion have come from cxpenmenlal 
analj’sis. 

The dependent variable in experiments on suggestion is some 
measure of the subject’s confonnity. e.g.. the frcsjuency and siren jh 
of the behavior which the suggester wishes to induce. The Inde- 
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pendent variables are tlie conditions which the experimenter selects 
and manipulates in . order to render the subject suggestible. The 
niajor independent variables . in the experimental study of sugges- 
tion may be grouped under three general headings; ( 1) the type of 
activity subjected to suggestion; (2) the source from which the 
suggestion emanates; and (3) the characteristics of the subjects at 
whom the suggestion is directed. 

Types of Activity Subjected to Suggestion 
Ambiguity and Difficulty of Task. A wide variety of activities 
has been used in suggestion experiments— cognitive functions, such 
as perceiving, judging, and problem solving, as well as motor re- 
sponses, such as movements of the limbs. A classification of experi- 
ments according to the different activities subjected to suggestion 
would be of little purpose, for these activities serve only as vehicles 
through which tlie process of suggestion is studied. Instead, it is 
necessary to isolate those dimensions common to a wide range of 
activities to which the success of suggestion is lawfully related. Such 
analysis leads to the generalization that suggestibility varies as a 
function of the difficulty or "ambiguity” of the task with which the 
subject is confronted. In general, when a situation is ambiguous, i.e., 
when there are no well-established standards or procedures for 
handling it, suggestion has a good chance of succeeding. It is easier 
to change the amount of autokinetic movement by suggestion than 
to influence a person's judgments about clearly seen objects in a 
well-lit room. Similarly, a person trj'ing to perform a very difficult 
task or to make-a very exacting discrimination is more prone to suc- 
cumb to suggestions regarding methods of solution than one who is 
handling a problem well within his range of competence and ex- 
perience. 

A Representative Experiment. The generalization relating 
level of difficulty and ambiguity (and the two are, of course, closely 
related since what is difficult to perceive or judge is also likely to be 
ambiguous) vvidi suggestibility is supported by a considerable 
amount of experimental evidence. We shall limit ourselves here to 
the detailed description of one study which may well serve as a 
paradigm. This study was specifically designed to establish and 
quantify the relation beUveen tlie difficulty of the problem faced 
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by a subject and his suggestibility to misleading hints during hb 
allcmpls to solve the problem.* 

The materials in this experiment consisted of mathematical prol>- 
lems. Tliese materials were cspcctally useful since thq- could be 
graded in difficult)’. The subjecr* readiness for problems of S‘ar)ing 
difficulty could be roughly gauged by the number of yer^rs of mathe- 



FlC. 114. Tlie Rcblion of Supccjtibility to 
Diificull)' of Task. The easier the task (the larger 
the percent correct), the sinallcr the number of 
successful suggestions. (After T. G. Coffin, Some 
conditions of suggestion and suggertitiihiy, riyefioi. 

Monogr., 1941, 53, No. 4, by permission of the 
foumal end the American rs)choIogical Association.) 

matical training. To conceal the purpose of tlie experiment, the 
problems were presented as a ”numbcr*focihties test* Suggestions 
were given in the form of hints pencilled in the spaces pros ided for 
the solution of the problems. The subjects were told tlut the ‘Wd 
been found to be more time consuming than originally expected and 
that hints were being pro\’ided for that reason Most of the hints 
were misleading, but in order to establish confidence in them, corred 
suggestions were gi\-eu for the first few problems. 'Hie test 
ministered to groups covering a wide range of mathematical ra n- 
ST. E. Coffin. Some conitiotu ci «iggejllon and luRgrttihiluy, r*yrh^- 
Honogf, 19-11. W, No. 4 
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ino’. The responses were scored by mathematicians who independ- 
ency judged each solution as .accepting or rejecting the suggestion. 
The subjects had been instructed not to erase any of their work so 
that the judges could, in most cases, easily determine whether or 
not the hints had been accepted. 

Level of difficulty was determined independently by presenting 
the same test, but without any hints, to control groups whose mathe- 
matical backgrounds were comparable to those of the experimental 
subjects. Difficulty was tlien expressed in terms of the percentage of 
correct solutions achieved by a control group equated for mathe- 
matical training with an experimental group. These difficulty scores 
were then related to the suggestibility scores. The percentage of 
solutions attempted on the basis of the hints provided a quantitative 
index’ of suggestibility. The results appear in Fig. 114 and clearly 
indicate that suggestibilitj' increases with the difficulty of the 
problem, almost in a linear fashion. Similar results are obtained 
when suggestibility is correlated with amount of mathematical train- 
ing. The more training a subject had had in mathematics, the less 
likely was he to utilize misleading hints in attempting to solve the 
problem. 

The experimental procedure which we have just described illus- 
trates an important methodological point. Whenever such variables 
as “difficulty” or “ambiguity” are used in an experiment, they must 
be defined in terms of an independent criterion. In this experiment, 
it will be remembered, difficulty was measured independently of 
®*^§§®sh'on in terms of the performance of control groups. Similarly, 
ambiguity can usually be measured, at least roughly, by the extent 
to which observers agree on the interpretation of a stimulus. Once 
difficulty or ambiguity has been tlms independently defined, it may 
be used as an independent variable in e,xperimental investigations. 

Sources of Suggestion 

The success of a suggestion depends on the source from which 
it emanates, on the nature of the influence which the experimenter 
rings to bear on his subject A suggestion is successful to the extent 
that it eliminates or seriously curtails the subjects disposition to 
examine a situation critically before he responds to it. 

Manipulation of Expectations and Habits. The skillful ex- 
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perimenfcr will utilize his subject’s liablts of response and Wess 
tJicm to his purpose. One way to do so is by manipulating the suU- 
ject’s sef, by building up ccrtam ctj;wctations in him which will pre- 
vent liim from using ellecthely Ills capacit)- to discriminate and 
judge. The progressive line experifnent is an example. A series of 
lines is exposed one at a time, and the subjects are required to esti- 
mate their lengths. In the first part of the series, the lines steadily 
increase in length, each line exceeding tlic preceding one by a 
certain amount. Thereafter, the lines are of uniform length. Never- 
theless, increases in perceived length are reported by many subjects 
(especially cluldrcn) long after the actual physical increases Iiavr 
slopped. The initial lawful scries of increases has established an 
expectation of continuing increases, an expectation which impor- 
tantly affects the perceptual judgments. Similar results may be ol>. 
tained in the judgments of other attributes, such as weigJit. The 
number of lines or weights judged larger yields a measure of sug- 
gestibility. There arc other situations In which the experimenter 
builds up an expectation in the subject and then "India” him. A 
scries of questions may, for example, be arranged in sucli a way as 
to induce a set (or a ccrtam pattern of answers, e g., an alternation of 
yes and no responses. The subject gets accustomed to this order. If 
he now encounters a question wind) requires tlie same answer ns 
the preceding one, he may fail to respond correctly although he 
would do so ordinarily. Hie number of times that he fails to notice 


‘his t}pc 

^ fimenter 

merely utilizes the fact llial perceptual organiation and judgment 
are profoundly influenced by the perceiver's set Once the set has 
been biiill up or reinforced. »t readily carries over to situations in 
wliich it is no longer nppropnatc. 

There are many instances of apparent su^Tstibility «hich are 
due to the arous.il of Iwhitual responses, ^^')len a conjurer po« 
Ihrouch the motions of throwing 3 ball into the air and hi* speefston 
actually see the ball, they do so because seeing the movement of 
thriving and seeing the object thrown base been 
dated in the past. The conjurer arouses this 
nicce«fuUy carries off his friri. Ulrcn err hril -ot) oor r 
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ject “involuntarily” stops, .the su.cc^s of our suggestion is due to a 
well-established assocjatiou between stimulus (the word “halt ) 
and response (stopping). . 

Pr^tigc^Suggcstion. ' In ^. suggestion situfltion, one individual 
attempts co manipulate the behavior of others. Clearly, the attitude 
of the subject toward the suggester is a critical variable on which 
the success or failure .of the suggestion may largely depend. If the 
suggester is able to activate his subject’s habits of obedience and 
conformity, if he can restructure and redirect the subject’s percep- 
tions and judgments, the suggestion is likely to be effective. It is 
in the nature of the suggestion situation that an attitude of sub- 
mission to prestige’ may become one of the most important conditions 
of successful suggestion. We speak of prestige suggestion if attitudes 
associated with the acceptance (or rejection) of prestige are 
primarily responsible for observed changes in behavior. 

Prestige is, of course, a general term under which a variety of 
attitude patterns is subsumed; nor is it always possible to make the 
nature of the attitudes associated with prestige fully explicit. Pres- 
tige is, indeed, not an easy variable to define and quantify in ex- 
perimental investigations. In many experiments on suggestion 
concerned with factors other than prestige, prestige factors may 
nonetheless be an important (and sometimes uncontrolled) variable 
due to the presence of the experimenter. In the laboratory situation, 
the experimenter, by virtue of his position of authority, easily be- 
comes a source of prestige suggestion whether or not he wshes to 
be. Investigations in which children serve as subjects — and children 
have been widely used in suggestion experiments— the experi- 
menter’s prestige may become a very prominent factor. 

We shall here consider three questions to which experimental 
investigations have given at least a partial answer; (1) Is prestige 
indeed an effective agent of suggestion? (2) What kinds of prestige 
influences have been found operative and what is their relative 
effectiveness? (3) How do prestige factors affect the distribution of 
suggestibility scores in a sample of subjects? 

Is prestige an effective agent of suggestion? The experimental 
evidence definitely answers this question in the affirmative. Experi- 
ments on the modification of social and political attitudes, for ex- 
ample, have provided striking evidence. We shall now describe a 
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typical experimental paradigm ‘for studying Oie eirccthcness of 
prestige suggestion in bringing alKwt attitude cliangc. 

Typically, an experimental group and a control group arc cxn- 
ployed. A scale measuring attitudes toward some grou^.^sj#*. or 
institution is administered to both groups. Some time later] the $.-tmc 
scale is again administciTd, but tliis time the hvo groups arc trralixl 
diiFcrenlly. The members of the experimental group arc informed 
what answers «'cre gitien to the attitude questions by persons or 
groups who command prestige in the eyes of the nibjccts, sucli as 
e.tperts in the field under consideration. Or, the statements in the 
altitude questionnaire arc identified as pronouncements of welh 
known personalities of prestige. Tlic members of the control group. 
on the other hand, receive the same scale but u'ithoul any additional 
information. If the experimental group shows a significantly greater 
shift in the suggested direction tlian the control group, ue conclude 
that prestige suggestion has operated. The size of ihe difference be- 
hveen experimental and control groups provides an Index of stig. 
gestibility. Studies concerned with attitudes toward a large x’aricty 
of problorns-from prolubition to the Iiterar)* menis of different 
xvriters-have in many, if not in most cases, demonstrated significant 
shifts attnbufab/c to prestige suggestion. 

Several mclhodological problems wfuch arise in connection with 
this type of experiment should be made explicit. Pint of all, the 
experimental and control group should be initially equated with 
respect to range and intensity of attitudes. Susceptibility to sugges- 
tion vanes with the intensity of the attitude at u-hich the suggestion 


panied by doubt and uncertainty. For this reason, me resulis !ui 
the experimental and control groups arc comparable only if they 
represent closely similar samples of attitudes. 

The control group, of course, scives another purpose; to gauge 
flic shifts in attitude uiiich may be expected to occstr, independently 
of suggestion, betivccn the £«t nnd second adminittration of the 
altitude scale. Only if the experimental group shtmx shifts In exeeu 
of the cnnltol gsoup, can the operation of prestige soggest.on t» 
inferred. In this connection, the events rdliitg the time 'nt^’> 
tween the Btst and second lest are of importance. EsTots ontsid 
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laboratory, e.g., changes in the political or social scene, may in- 
fluence the attitude of the subjects, either in the same direction as 
the prestige suggestion or away from it. If such uncontrolled 
events exert a powerful influence, they may override the effects of 
the prestige suggestion. . . - 

Finally, it is important to obtain an independent measure of the 
prestige of the source of suggestion. After all, what the experimenter 
considers to be a source of prestige may not be so considered by the 
subject. Indeed, the experimental findings suggest that subjects 
often react negatively to the source of prestige and move away from 
the suggested direction (countersuggestibility). Independent meas- 
urements of the degree of prestige of various sources of suggestion 
must be related to the degree of acceptance or rejection of the sug- 
gestions ascribed to these sources. 

The paradigm which we have discussed is, of course, applicable 
to a Avider range of problems than the investigation of prestige sug- 
gestion. Studies concerned with the modification of attitudes by 
other techniques, such as various methods of teaching and propa- 
ganda, usually employ this experimental design or some modification 
of it. Nor is this particular kind of experimental procedure by any 
means the only one for the study of prestige suggestion. Whenever 
behavior changes are produced by activating the subject’s habits 
of conformity and obedience, prestige suggestion operates. 

What kinds of -prestige suggestion have been found effective? As 
we have emphasized, the concept of prestige is an extremely gen- 
eral one, and a variety of attitudes are subsumed under it. Only a 
few of these attitudes have been isolated and explicitly studied 
under experimental conditions. Most prominent among these are 
conformity to the majority and acceptance of expert opinion. In the 
experimental modification of attitudes it is usually possible to bring 
about marked shifts in opinion by indicating the opinions allegedly 
held by the majority of the group to which the subjects belong or 
the opinions held by recognized experts in the field. Several in- 
vestigations have attempted to compare the relative effectiveness of 
these two sources of prestige. Some studies have given prestige of 
fte majority a slight edge over the prestige of experts but the 
differences are neither striking nor consistent. If there are true 
differences in that respect, they are probably dependent on the 
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specific atlitudc, lJ)e naforc of the and fhe of the par- 

ticular expert. In any event, no stable generalization about the n-Ia- 
tivc eflcctivcness of these t)-pes of prestige suggestion is possible at 
this lime. • * 


of the subject’s habits anti expectations, on the one kind, and pres- 
tige suggestion, on the other. Tlie distinction between Uiesc hs-o 
types of suggestion is not, of course, a hard and fast one, and in 
many situations both types of influence are present. Nescrthelcss, 
the distinction receives at least partial confirmation from an examina- 
tion of the relative effectiveness of the two tj^pcs of stiggesbon 
procedures in a sample of subjects 
In Fig. 115, the distributions of suggestibility scores obtained irj 

i\ • j... 1 f~ r— iiK- 


composite scores based on the number of times lines are j'udged 
larger (in accordance W'llh the suggestion), equal or shorter (in 
opposition to the suggestion). The larger the score, the greater the 
sub(ecl’s suggestibility. On the y-axis, the number of cases rccciWng 
each of the scores is plotted. Clearly, the distribution of scores is 
approximately normal in shape. The majority of the subjects are 
somewhat suggestible, but only a fesv subjects arc completely 
immune to this type of suggestion and very few show extreme sug- 
gestibility (overestimate the lines for a large number of trials). 
Now, turn to Fig. IlSb Here the results of a prestige suggestion 
experiment arc plotted. The experimenter suggested to his subjects 
(clifldren) that their hands were getting lighter and lighter and 
finally would rise in the air. On the x-axis of Fig. 1151) are plotted 
suggestibility scores (based on the c.xtcnt of hand-raising mo^eIne^lt 
the experimenter was able to induce), on (he y-axis the nttmber of 
cases receiving each of the scores. This time, wnth the prestige factor 
present, the distribution of scores is anj-thing but normal, rather it 
may be described as “U-sliapcd," xxith the majority of coses at the 
two extremes and a fexv cases in the middle. Subjects seem either to 
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succumb to the influence of the experimenter or to mist it. Of 
course, comparisons of distributions such as those shown in Hi;* J15 
must be made with great ca»Uon..The sJiapcs of tlie distnlniiions 
depend to a considerable extent tm the units of scoring. Tlje units 
used in Fig. 115a and Fig. I15b are not tijcmicives equivalent, and 
different distributions might have resulted if different units of 
measurement had been employed. Nevertheless, there seem to be 
real differences in the relative frequenty with which various degrees 
of conformity arc obserx'cd in the two situations 


W/io Is Sug^csilblc? 

One fact whicli is common to a)most a)J cTpcnmcnts on suggestion 


- j . • ■■ ■ ,• ■ . -v 

of those personal characteristics which arc correlated with degri-e 
of suggestibility. If the personal characteristics associated with high 
and low suggestibility were fully knoum, mud) light could be 
thrown on the specific psychological meclianisms responsible for 
the phenomena of suggestion. Although a few such correlations have 
been established, they have not been extensive enough to contribute 
significantly to a theory of suggestion. The most stable correlations 
are between ago and sc.x, on the one hand, and degree of sugges* 
tibility, on the otlier. 

Age. Many experimental investigations h-ivc shown that chil- 
dren are more suggestible than adults. The suggestibility of vciy 
young children cannot be determined readily, since their under- 
standing of instructions may be faulty There is, however, evidence 
for increasing suggestibility between the ages of about B v e and nine, 
after which susceptibility to suggestion begins to decrease Children 
arc probably more suggestible tlian adults because they have fewer 
well-established habits and standards of judgment which the)' can 
bring to bear on the suggestion. For n child, many situations arc 
difficult and ambiguous Difficolfy and amingnit)-, as wc have seen, 
are conditions highly favorable to successful suggestion. Moreover, 
the child has been frequently rewarded for obedience and sub- 
mission to the adult. This tendency to obey and submit is general- 
ized to the situation in which the suggestion is made. 
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Scs. Experimental rosnlls (end to sluivv greater suggestibility 
among women than among .men. However, the dislribvrtions of 
snggeslibilitv scores of men and women nsnally overlap to a con- 
siderable extent. There is far more variation in snggestibilit)' within 
each sex than there is between the two sexes. Any explanation of 
such diflerences in terms of biological constitution is highly ques- 
tionable. Diiferences in edneation, trainiirg, and experience arc 
probably largely responsible for whatever sex diilcrences in sngges- 
tiblfity have been found. For example, subjects in suggestion e.xperi- 
ments are, often asked to handle some kind of mechanical eqnip- 
nreni.,Mh)inen ma\' ha\'c fewer habits and skills to cope with snch 
tasks and, lieirce, may be. more susceptible to misleading sugges- 
tions which (hey cannot evaluate properly. In addition, there may 
be .social pressures at work here. Girls are rewarded for .submissive 
.and compliant behavior more often and for a longer time than are 
boys, and on (hat basis should be e.xpcctcd to be more suggestible. 

Behavior itcchouims in Sttpgcsiion 

The term suggestion does not refer to any unitary process of be- 
havior. .Suggestion is a pnrel)' descriptive term and denotes a variety 
of behavior mechanisms which make it possible for one individual 
to manipulate the beluwior tif others. It is not possible to enumerate 
alt the habits and tendencies which may operate in a suggestion 
situalioit. Corlaitily past leanriug and eondiliotting play an impor- 
tant part. When we point at an imaginarj’ airplane in the .sky and 
somebody thinks he sees it quite vividly, we sa}’ he is '‘suggestible.’’ 
It would be more acenmte to s.ay that the stimuli of pointing and 
pronouncing (he word "airplane'' evoke a well-cstabli.shed per- 
ceptual h.abit-sceing the airplane. Similarly, in the progrc,ssivo lines 
experiment, success of the .suggestion is due to the operation of a 
habit. The association between the appearance of the lines and the 
. ^ c m^ of ,m mci ease in magnitude continues to function even when 
the lines have become phy.sic.ally equal. The behavior mcchani.sms 
operating in suggestion, then, arc special instances of Icaniing and 
conditioning. It is the suggesters task to provide the stimuli that 
will activate the learned response which he desires to occur. 

The mechanisms operating in prestige suggestion .should ulti- 
matel\ lend themselves to a similar an.alysis. The presence of an 
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indiWdual of prestige or the citation of an expert opinion throws 
info action patterns of responses wluch were reinforced in the past 
in similar situations. Such patterns of responses may include per- 
ceptual reorganization of the situation and changes in \crb 3 l re* 
sponscs. The emotions which the presence of the indiWdual of 
prestige arouses probably serx'e to facilitate and strengthen Uic 
activation of such patterns of response. The point which we should 
like to emphasize here is that in studying suggestion, we investigate 
the results of past learning and conditioning as thej' manifest Uicm* 
selves in a special type of social situation. 

Work in a Group Situation 

Our discussion in this chapter is focused on the cxperimcnUl 
analysis of behavior as it is determined by the octions of others. We 
have considered the formation of norms in a group situation and 
some conditions under which conformity bchasior is estiked. In 
tills section, we shall be concerned with the waj-s in which an In* 
dividual's work and products ity are affected by the presence of 
others and their actions. The influence of a group on individual 
performance will be discussed in reference to four t)'pes of experl* 
mental situations; (1) the cflect of an audience; (2) the effect of 
the presence of coworkers; (3) werk In a competitive situation, 
(4) the results of group discussion and cooperation. 

Audience Effects 

Typical experimental Procedures. In experimental investiga* 
tions of the effects of an audience on the performance of an 
Individual, a control condition and an experimental condition are 
usually employed. In the control situation, the subjects work alone 
on some task, such as mental multiplication or a test of motor dex* 
lerity. In the experimental situation, Uiey perform tlie same task 
in the presence of an audience. Their performances under llie two 
conditions are compared and differences between them are ascribed 
to the effect of the audience. 

This experimental design is adequate provided the two conditions 
have been equated in all respects other than the presence o im 
audience. One of the most important precautions is to 
subjects’ level of practice in the two situations. If the subject* en 
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the two situations wth different amounts of training, differences in 
performance wU be due, .'to; an; indeterminate extent, to differences 
in training, and tlie effect; of the' audience cannot be evaluated 
adequately. To equalize' pracUce l^vel, one of hvo procedures may 
be followed?*(l) if the same:subjects sen^e in both situations, they 
should hfe given a task xyhich . they , have thoroughly mastered and 
in \yhicb no further improvement may be expected; (2) if different 
subjects are employed in the two situations, the controls and experi- 
xnentals should first be equated in training. Mffiile the e.\-perimental 
subjects .work in front of an audience, the control subjects continue 
to work alone. Thus both groups start from the same level of pro- 
ficiency and have an equal chance to benefit from further practice. 
Tf thev fail to do so, the effect of the audience is probably respon- 
sible for the discrepancies in performance. 

- . The terms "alone” and “au(hence” need, of course, to be defined 
clearly. In some experiments, performance of subjects xvorldng in 
the presence of the experimenter is contrasted xvith their perform- 
ance in front of a larger group. In other experiments, tlie subject is 
all alone in one situation and works in front of a group in the other. 
Obriously, the experimenter is an "audience,” and sometimes an 
exacting audience m'th considerable prestige. Experiments using 
different definitions of the “alone” situation cannot be expected to 
jield comparable results. 

“Audiences” may also vaiy- in many ways. First, they may differ 
in size. A variety of relationships may exist between the subject and 
the members of the audience. The audience may consist of friends or 
strangers, of the subjects peers or of his superiors in rank. The 
members of the audience may be passive in their attitude toward 
the subject, they may actively encourage and support him, ot they 
may be hostile. Clearly, each of these characteristics may radically 
affect the influence of the audience on the subject’s performance. 
Not only the attitude of the audience toward the subject, but also 
the subjects attitude toward the audience is of importance. Much 
wifi depend on how much e.xperience the subject has had in public 
performance and how much he values the appro^•al of the audience. 

Experimental Results. Considering the many ways in which 
the nature of an audience can vaiy^, it is not surprising that there are 
no clear-cut generalizations about the effect of an audience on an 
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individual's pcrforwance. In comparisons of worV in an “alone'" situ* 
ation and in front of an audlcn<^, both facilitating and inhibiton- 
effects have been reported. As faros a trend can be distinjiiished, it 
appears that a passive audience is not conducive to the be?! possible 
performance. Although there arc man)* exceptions to tfiis rule, even 
the exceptions are not clearly in the direction of belter performance 
in front of an audience. Thus it was found in some experiments tint 
the presence of spectators spurred the subjects on to greater speed 
but at the expense of quality and accuracy of performance. Tlve 
presence of an audience may also render subjects more cautious and 
circumspect, as, for example, in the reproduction of mcmoi)* ma* 
terial in front of a group of spectators (see p. 415). As to active 
audiences, their effect varies, of course, with the nature of’th'eir 
activitj’, whether it is encouraging or discouraging. 

Since so much depends on the individual subject's reaction to tho 
presence of an audience, it is not surprising to find that experiments 
on audienee effects usually show a considerable amount of fndi* 
vidual differences. In the presence of Uic s.ime audience, some 
subjects improve while others lose in efficienc)’. For this reason, the 
flceroging of performance scores in such experiments may .become 
meaningless. Important, but opposite, effects on individual subjects 
may cancel out. Hence, rnany experimenters have used statistical 
indices oilier than measures of central tendency’ to evaluate the 
effects of an audience. Thus the percentage of subjects showing an 
improvement and the percentage showing decrements can be com- 
pared. It is also possible to measure the absolute amount of shift 
from one condition of work to the other (l.c., disregarding the direc- 
tion of the shift) in order to answer the question of whether or not 
the audience has any significant effect at all. 

Presence of Co-icorkcrs 

Typical Experimental Procedures. Much of our daily work- 
in the factory, in the office, and in school-:s done in the presence 
of others. Co-workers, then, are on important feature of the stimulus 
conditions under which many tasks arc performed. Experimental 
inv’cstigations have been directed at the question of whether M 
individual performs differently (belter or worse) in the presenw c< 
co-workers than he does alone. Again, the t>pical experimcnUl 0^ 
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sign calls for a comparison of periphnances under two conditions: 
working alone and working in ‘the presence of others who are 

engaged in the same task. ' 

The controls and precautions.which we have discussed in connec- 
tion with^xperiiheiits on. audience effects must be observed again. 
Valid comparisons between the two work situations can be made 
only if such factors as training and familiarity have been equated. 
If tlie same subjects serve in both situations, it may be advisable to 
use a- counterbalanced design: half the subjects serve first alone 
and. dieri -in. tlie group situation, with the sequence of conditions 
reversed for the other half of the subjects. 

In thi's-'section, when we speak of the effects of co-worker's, we 
mean the influence which the sheer physical presence of others 
engaged in the same task has on the performance of an individual. 
The sight and sound of others, their movements and activities, are 
stimulus conditions the importance of which for individual per- 
formance and productivity can be experimentally determined. It 
is exceedingly difficult, however, to isolate the effects of the sheer 
physical presence of others. When individuals work alongside each 
other, important motivational factors come into play: attitudes of 
competition and cooperation arise, some individuals become leaders 
who set the pace for the group, and so on. Experimenters interested 
in studying the facilitating or inhibiting influence of the sheer 
presence of co-workers have usually tried to minimize motivational 
changes by removing all incentives for rivalry. In such experiments, 
subjects are explicitly warned against assuming a competitive atti- 
tude, the results of their work are not announced, and care is taken 
to prevent one subject from finishing before the others. By such 
measures, the factor of rivalry can, indeed, be reduced in im- 
portance, but it is doubtful that it can ever be completely 
eliminated. 

Experimental Results. How does the presence of co-workers 
affect tlie performance of an individual? First of all, there is good 
evidence that people work at greater speed in a group situaOon 
than they do alone. Increases in output have been shown with a 
variety of tasks, such as multiplication, word association, cancella- 
tion of letters, etc. The presence of others increases die sheer amount 
produced-a phenomenon described as “social facilitation.” This 
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result is fairly t)’p{cal but by no means univcrsaL Some slow dmsm 
rather than speed up in a group situation. In general, those initially 
slow show the greatest increase in spe^, whereas subjects svbo are 
fast workers to begin with work only a little faster in the group 
situation. Tlie latter may be working close to the hmH of' their 
capacity to begin Wth. It is not always clear to what extent this 
differential effect on slow and fast workers, is a "regression* phe- 
nomenon. 

Along with increases in speed, work in a group situation nwj' 
often result in poorer quality of performance, .More problems may 
be attempted by a subject in a group than when he'uqrk^aJone, 
but he may actually do fewer of them correctl)'. In the presVnee of 
co-workers, liis performance will tj'pically be more S'ariable. As far 
as quality and accuracy are concerned, advantage seems to be on 
the side of solitary performance. In a group situation, there arc 
more potential distractions, and the sustain!^ attention nccess.iry 
for high quality performance Is more difTicuh to achieve than In the 
alone situation. The greater the demands which a task makes on 
logical and systematic thinking, the greater m.iy be the decrement 
in quality caused by the presence of co-workers. 

It is unlikely that it is over possible to eliminate motivational 
factors, such as rivalry, entirely, even when the subjects are assurctl 
that there are to be no comparisons among Indiv idual performances. 
The following experiment illustrates the subtle wa}s in which 
rivalry may operate in group work. One investigator used two 
alone situations and a group situation.’ In one of the alone situations, 
each subject worked in a room by himself but knew that there were 
subjects in other rooms simultaneously working on the same task. 
In the second alone situation, the subjects came to the laboraforj’ 
at different times and worked completely alone. Tlie two alone 
situations were then compared willi the group work condition, in 
regard to speed and accuracy of performance. The first of the alone 
situations, In which the subject kmew that others were working 
simultaneously on the same task in different rooms, and the group 
situation gave very similar results: greater speed and less aOTmc) 
than in the completely solitaiy work situation, death, ana, vs s c 

»J. F. Dashlell. Ao experimmUl analysis of some group ellfcU. /. AR S<yr. 
Tsycliol. 1930, 25-190-199. 
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group effects in terms of, the sheer-physical stimuli provided by the 
presence of others m'U^ remain^ inadequate. The analysis of the 
motivational factors :\vhich'' the, ‘presence of co-worhers brings 
into play is indispensable fdr'^an understanding of the determinants 
of perfonhance in a ^p't^’ Situatioh. To the ubiquitous problem of 
competition we turn nesL.r; 

CpmpetUive Work Situations - ‘ 

Typical. Experimental Procedures. The experimenter who 
wishes-tp Jiitidy tlie effects of competition upon performance faces 
several vfnefhddological problems. First of all, he must find ways to 
vary. systematically his independent variable— degree of competition. 
How- can degree of competition be varied experimentally? Carefully 
worded instructions provide a first method. By such instructions, 
competitive attitudes may be considerably intensified, especially if 
they are given by a person in authority, such as a teacher in a school- 
room situation. The instructions can be supported by various tech- 
niques: prominent publication of the scores achieved by the com- 
peting individuals or groups, pointed comparisons of achievements, 
commendations to the successful competitors, and exhortations to 
those lagging behind. Finally, prizes may be offered to the winners 
as additional incentives to compete. 

Having created a competitive work situation, the experimenter 
needs, of course, a noncompetitive work situation for purposes of 
comparison. It is probably more difficult to create in the laboratory 
a truly noncompetitive work situation than it is to create a com- 
petitive one. Many experimenters perforce rely heavily on instruc- 
tions to their subjects to eliminate or reduce the motivation to 
compete. Competitiveness is also mitigated by avoiding publication 
of results and any comparisons among individuals. Nevertheless, 
some indeterminate degree of competitiveness is probably present 
in all group situations. Many experiments, moreover, have been 
carried out in classrooms where competition for grades and recog- 
nition is so much part of the psychological climate that even 
elaborate instructions will probably fall short of eliminating rivalry. 
To summarize: in experiments on group work, the experimenter may 
with some success vary the intensity of competitive attitudes. In a 
competitive social environment such as ours, it is doubtful that it is 
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possible to create in the lahoratbiy 'a tmlv noncwnpclilive CTotin 
situation. • t 

Fsicfors other than degree of competiKon should be oqu-aKred for 
the various experimental groupi.. Both the compdine and non- 
competing groups should perform the same tasl, or a t'asl rqualed 
for difRailty. Competing and iioiicompcting subjects slioulcl be 
matched for amount of training and ability. \Vhen all these controls 
have been carefully obserxed, the perfonnaticcs under ctjmpdiJne 
and noncompetitive conditions can be compared praperU. 
cant differences among the various groups may then bc'tiScrlbrf to 
the effects of competition. 

Experimental Results. There is general agreement lh.it' Weivii* 
fied competitiveness leads to greater worh productivity. Tlie restilts 
of a typical experiment may be cited to illustrate this general finding. 

Tlte subjects in tins experiment were grade-school cliildnm.' 
(Children are frequently used in experiments on competition since 
they respond more readily to instructions and incciithcs.) Tlioir task 
was the solution of anthmcfic problems An experimental group and 
n control group were formed, equated for age, sex. and abilih'. Tlie 
members of the control group performed the tasks as p.iTt of their 
regular school work. Tlic e.xpcTiment.-il subjects were subduided 
into two equated groups and urged to compete against each other. 
The experimenter reinforced the competitive altitude by puhlicly 
announcing tlie names of llie winners and writing their names on 
the blackboard. Tlie losers were admonished to iucrixise their efforts. 
Tliis procedure was continued for fixe d.nys In a schoolroom siUia- 
tion, these methods of intensifying rivalry proved most effective. 
Tlie output of the competing subjects greatly exceericd that of the 
controls. On the final day of Uic expenment, there was a difference 
of 41 percent between the two groups. Tlic competing subjects vme 
superior not only in output but also in accuracy of solutions. Tlus 
experiment may well serv'C as a paradigm for investigations of wor 
under competition. The procedures and findings are representative 
of many other studies. 

The general finding, then, is th.it inlcnsiffcation of ® 
attitude increases productivity without necessarily njunn^s 

*E. B. Iluriocfc. Tile use of rivdiy « an tamvuvx. /. Ai". 

1927, 22-27S-290. 
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quality of performance. The degree. to which a competitive attitude 
affects the level of work depends, of course, on a number of param- 
eters. A few of these variables will:be briefly considered next. 

Individual vs. group success. There may be competition among 
groups and among indiwduals. Class may be pitted against class or 
student against student. Several experimental studies have compared 
the effectiveness of , competition for individual rewards and com- 
petition for rewards given to tire group, of which the individual 
workers .^e members. The experimental results indicate that in- 
dividuais'hvork harder and better when competing for individual 
reward arid recognition than when the success of a group is at stake. 
,-The differential effects of individual and group incentives become 
especially pronounced if the experiment is carried on over a pro- 
tracted period of time. Those working for individual success sustain 
their effort longer and show less variability of performance than 
those working for group success. An independent check on the 
greater incentive value of indiwdual rewards may be obtained by 
permitting workers to divide their time freely between work for 
individual and group reward. Subjects choose to devote the bulk 
of their time to efforts in their own behalf and work more effectively 
while working for themselves than when working for the group. 
Such are the experimental findings. To what extent such “egotistic 
tendencies are modifiable by training is another question. 

Nature of the task. What effect the creation of a competitive 
atmosphere will have depends in part on the nature of the task in 
which the subjects are engaged. If the task is in itself interesting 
and pleasant, subjects may work close to the top of their capacity 
and the additional incentive of competition can have only very 
limited effects. On the other hand, if the task is dull and the sub- 
ject is poorly motivated, the introduction of competition may boost 
the output level considerably. The available experimental data have 
tended to confirm these expectations. 

Individual differences. Some subjects are more responsive to the 
introduction of competitive conditions than are others. As in the 
studies of social facilitation, those whose work is initially poor, 
show greater improvement under competition than those whose 
woric is good to begin svitlr. When the performance level is already 
high, there is, as it were, little room for improvement. Furthermore, 
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those whose inilial perfonnancc is inrcrior arc often poorly moti- 
vated, and the introduction of cornpelftjvc conditions prenides them* 
with the incentive to work on a lew! representaUve of their ability^ 

Cooperative Work Groups 

Cobperation and competition ore t^Wn motives sustaining and 
regulating the aspirations and octuities of an fndiWdual In a^sodal 
contest In many of our daily enterprises, both motives arc oper* 
ntive. In experimental studies, we usually try to study cad) of tljesc 
motives individually, to create situations whicli are either com- 
pelitivc or cooperative. In this section we arc concerned vi'th the 
analysis of cooperative work. , 

Typical Experimental Procedures. Several important aperi- 
mental investigations Jiave focused on the question of whether the 
achievements of a cooperative group qua group arc superior to tljo 
achievements of the individual members working by themselves. 
Do the opportunities for interaction and cooperation afforded by 
a group situation add to the combined productivi^ of the iodiWdual 
members? 

Experimental studies of this question call for the familiar com* 
parison of experimental and control groups. In the control condition, 
each individual attacks a task by himself, such as solving a puale, 
arranging words into sentences, drawing a conclusion from a set 
of facts, judging a picture, eta* In the experimental condition, a 
committee collaborates on the problem and presents the results of 
its common labor to the experimenter. 

This general experimental scheme needs to be filled in by clioices 
of specific tasks and specific cooperating committees. Clearly, tasks 
will vary’ in their susceptibility to group treatment. There are some 
tasks which do not allow much group discussion or cooperation and 
in which the products of the individual members arc simply added 
together. Thus when a group is given the job of finding synomms or 
antonyms for a series of words, each group member will find a cer- 
tain number of words and the activity of the other members is 
8 As pointed out abo> e, the factw of wgrrssion must be cairiHlly considered 
when felatlntj improvement to initial perfonnanre lc\-el 

• In this discussion, we shall not be concerned wih the problem of increwsmR 
efildcncy and nroducUvily by division of labor and asscmbl) -line metiioos e 
shall limit ourselves to problem-solving behavior in cooperative povip situations 
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limited to Ae diecldnc ol. occasionsl'inistakes. In addition, lie 
presence of co-^vorl^ers Thay produce “social facilitation (see pp. 
4S3 f.). On tie \s-iole, ipwespi, such tasks do not lend themselves to 
signiBcant analvsis of jcooperative-work. On the odier hand, there are 
tasks, tire solution of wlriclr' involves a series of choices and de- 
cisions, in which the gii'e'nnd take' of group decision mai radicalK 
affect the course of solution and its eventual success. Analysis of 
problem soliang in cooperative groups may help to throw light on 
those yariables which detemiine the behaiaor of committees, junes, 
administrative boards, and similar collaborating groups. 

The's^e and personnel of committees may vsiy in an almost be- 
rsildeiing number of w,ays. The more specifically the experimenter 
lias formulated his problem, the less haphazard Mill the choice of 
the committee be. If we are interested in studving the leader- 
follon-er relations which develop in cooperating groups, we may 
want to choose members of unequal abiiti' in order to facilitate 
the emergence of a leader. On the other hand, if our main concern 
is Midi studying the critic.al function perfonned by the group, we 
do well to (ioose members of about equal sldll and competence to 
maximize the opportunities for interchange of ideas and criticism. 
The optimal size of the group will depend on hou' intensively we 
wash to study the behawor of each indi^•idual member, hloreover, 
the nature of tlie problem to be solved will impose a limit on the 
number who can effectivelv cooperate in its solution. 

In comparing indiridual with cooperative performance, we must, 
of course, equate difficult- of tasks and abiliri- of subjects in the two 
situations. Counterbalanced designs, in which the same subjects 
serve in both situations, may be employed. Half the subjects should 
work first indiridually and then in a group: the odier half follow 
the reverse sequence. 

The significance and fnutfulness of such an experiment ma\' de- 
pend in large measure on the e.vperimente/s choice of specific 
categories of behavior to be observed and recorded duriuc the 
experiment. mere tabulation of the number of tasks solved bv 
individuals working alone and in a group does not do justice to the 
problem. The ways in which group discussion develops, and the 
tvpe of interaction among members are often the most revealing 
results of the experiment Careful observation of the group at work 
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and detailed records of group discussion 'and work procedures are 
of the essence. These records can then bc.ordercd into such cate- 
gori ■ . .-r , . ,1 - "nunibcr 

of c ■ ■ . ■ ■ ■ ■ . ^ . . •. 

■ ■ ■ • ' ' ■ ■ ■ ■ icteristic 

of a cooperating group can be flescnbed'and analj' 2 ed. 

Experimental Results. There is no question, on the basis of 
the experimental evidence, that cooperative groups are more effec- 
tive and productive than individuals. As we have emphasized 
above, the superiority of the group is not always due to 11^ opera- 
tion of the same factors. SomeUmes the high performance of a 
group represents merely the summation of indiWdual perforfnahees; 
in other cases, it is the opportunity for discussion and correction of 
mistakes which is mainly responsible for the superiority of the group. 

Different tasks benefit to varying degrees from group efforts. In 
one investigation, a series of different tasks urre solved by subjects 
working individually and in groups. In the accompanying table, ’ 
these tasks arc listed and ranked according to the degree of superior- 
ity of the group performance over Individual perfonnance.^ 


Rank Order of Tasks Accordmg to Degree of Croup Suiicrionty 
(Total achievement. Including quality) 


Task Rank 

Finding words meaning opposite of given uords 1 

Solving a cipher 2 

Drawing conclusions from given facts 3 

Sentence completion 4 

Listing steps to solve a problem 5 

Composing limerick 6 

Comparison of numbers 7 

Reading comprehension 8 

Original intelligence problem 9 


Both types of group influence mentioned before may be found 
in Uiis table. Tlie highest rank is occupied by a task (finding 

T From G. Muipliy, L. D Murpliy, and T. M. Newxomb, ExpenmenleJ social 
psychology, Nw York: Harper & Drolhen. 1937. After C B Watson, Do 
groups think more efficiently than Individuals? J. Abn. Soc. Psychol., 1930, 
21:70-100. 
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antonyms) -in whicli the group results represent the, addition of 
individual achievements;. In tlie second and third place, we find tasks 
the solution of which by a.^bup' of workers is advanced by public 
discussion, acceptance and' rejection of methods of solution. 

Careful analysis of the procedures by which a cooperating group 
solves a problem has shown that one of the most important functions 
of the group is the elimination of errors and the rejection of false 
suggestions'for solution. Statistical analysis of the trends of group 
discussion has shown that incorrect suggestions are much more 
hMy;to,be.re}ected by one or the other member of the group than 
are-cohrect suggestions. Moreover, erroneous suggestions are much 
more firequently rejected by other members of the group rather 
than by their originators. As a result, group superiority is especially 
pronounced when the solution of a problem depends on a series of 
steps or choices, each of which can be considered, discussed, and 
voted upon by the members, A group is likely to solve more such 
problems than an individual. If the group fails to solve the problem, 
the error responsible for the failure svill probably occur later in the 
course of the solution than is typically the case with individuals 
working alone. The early errors to which an individual may fall 
victim have a good chance of being checked by group discussion. 

Experiment XXIX 
The Formation of Norms® 

Purpose. To study the formation of norms in judgments of auto- 
kinetic movement. 

Apparatus. The diagram shown in Fig. 116 shows the apparatus to 
be used in this experiraenr. For a full explanation, see the legend of the 
figure. 

Experunental Design. The basic design of this experiment calls for 
*e use of two groups of subjects. The members of Group A first serve 
individually and then in groups of three. The members of Group B first 
make their observations in groups and then individually, thus: 

Group A: Individual sessions followed by group sessions 
Group B: Group sessions followed by individual sessions 

Soup^B sessions should be the same for Group A and 

iga^Na'lS?^"^’ ^ ^ perception, Arch. Fsychol. 




Fic. 116. Expenmental Setup for Ex- 
periments in Autokinetic Movement. (From 
M. Sherif, An outline of socid psychology, 
1948, p. 165, by permission of Haroer & 


B “Signil buUoa 

^ “Experimenter 
“Reaction key 
Ms- Movable screen 
S -Subject 
Sc “Screen 
Sg-Sienal light 
Sh—Shutter 
St “Stimulus light 
T “Timer-. 
W—Stopvmtdi 
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Care should be exercised members of' the ^oups. If 

possible, the nature of lb.- r..;l::(=->nsbij> anionii *e members should not 
vary too much from groCip to group; ^ is inadvisable to have one group 
consisting of close friends, the other of strangers. 

Procedure: ladmdual Sessions. The subject is blindfolded, led into 
the dark room arid .seated in his chair. The experimenter reads the fol- 
lowing instructions to the subject: 

“When -the ro'otri is completely dark, I shall give you the signal 
READY and then show you a point of light. After a short time, the 
'dight wall begin to move. As soon as you see it move, press the key. A 
few' seconds later, the light will disappear. Then tell me the distance it 
. moved iri inches or in fractions of an inch. Make your estimates as 
■accurate as possible.” 

'■^le experimenter removes the blindfold and allows the subject some 
tiine to dark-adapt. He then gives the first “ready” signal and s^vitches on 
the pinpoint of light. As soon as the subject has pressed his key to indi- 
!,-';ca"te! that movement has begun, the experimenter begins to time an in- 
' fewal of 2 seconds. At the end of the 2-second interval, the light is 
switched off, and the subject makes his estimate of the extent of ap- 
parent movement. This procedure is repeated for twenty trials. (A larger 
number of trials is desirable but may prove too time-consuming if the 
whole experimental design is to be carried out in the course of one 
laboratory session.) At the end of the first series of trials, the subject is 
allowed a brief rest interv’al in the dark room, and, thereafter, another 
series of twenty (or more) judgments is obtained. All the estimates are 
recorded by the experimenter. Since the room is totally dark, the experi- 
menter will do well to note each estimate on a separate sheet of paper. 

Procedure: Group Sessions. The same basic procedure is followed 
as in the individual session except, of course, for the simultaneous presence 
of three subjects. The subjects are instructed to announce their judg- 
ments in any order they wish. The subjects are encouraged to change the 
order in which they give their judgments from trial to trial instead of 
adopting a set order, '^^^lenever a subject announces ' his estimate, he 
presses a signal button which activates a light on the experimenter’s 
table. In this manner,, the experimenter can identify the subject \vithout 
relring on recognition of his voice. 

’Treatment of Results: Group A. The members of this group first 
make tlieir obserx'ations individuaUy and then in groups of , three. We ex- 
^me the data wth a view to answering two questions: (1) Did the 
judgments which the subject made individually tend to become increas- 
mgly stable, i.e., did the subject establish a range within which b’s 
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responses fended lo fjll aod a eiwitral lcndenc>' arotmd wliicJi llte 
ments clustcTcJ? (2) Dili Ihe rottriberf of tha provp. pjcJj o! 
bad some experience the iTutoHiictic plteiiotncnon. con\cTpc up^ « 
common norm? ' _ ■ . 

To answer the question ol whether an I'ndwidiurs ^utl;pncnts fn this 
unfamiliar and "ambiRUous" situation tend to stshvlue widiin a limife’J 
range and around a centra} I'aluc. sw examine llic two scries of t« enty 
individual observations. Tirst, wxr divide the iudgnjents into succesiiw 
blocks of five— a total of eight blocks. For cacli of these ciglit blocks, ww 
compute Uic median and tfic range- We may dclcnnine }»y inspettioi' 
whether the ranges lend to stahdize. Wo then plot the medians of 
ccssive blocks of five judgments If tlic subject has, indeed. 
a personal norm, the curve olitaincd by plotting sucn-svivu 
should level oil as the expenmcni proceeds. 



496 experimental ■PSY:pH6L0GY 

judgments in the individual' situation; To represent the results graphically, 
wc again plot the medians for successive blocks of judgments. 

Comparisons of Group A and Gi^up B. Comparison of the results 
for Group A and Group B wiU yield the answer to an interesting question: 
Do tlie members of Group B converge more readily toward a common 
norm than the inembers of Group A?'The members of Group B, it uill 
be recalled, have their first experience noth autoldnetic movement in a 
group situation, whereas the members of Group A may enter the group 
situation with personal standards of judgment already established. We 
. 'should expect, therefore, convergence toward a group norm to be slower 
in'.'Gfoup A than in Group B. We can tabulate, for each block of trials in 
dre group , situation, tiie average difference between the median judg- 
.ments'of the three members. In the case of any given block of trials, is 
■'tlib average difference larger for Group A than for Group B? 

ExPEn»rENT XXX 

‘p“. • PI\OBLE^t Solving in a Gnoor Situation® 

Purpose. To compare the problem-solving beha\ior of subjects work- 
ing alone and in a group situation. 

Materials. Two sets of problems (say, three problems in eadb set) 
arc needed. Tiic most suitable are diose which require a series of suc- 
cessive steps for solution. Such problems easily lend diemselves to group 
discussion since each step is considered and taken up separately by the 
group. A series of such problems, which were succes-sfully used in this 
type of experiment, may be found in Shaw’s paper, cited in Footnote 9, 
The experimenter needs prearranged score sheets for recording his ob- 
servations. On this score sheet should he listed the categories of behavior 
which he wishes to observe, e.g., suggestions made by eacli individual, 
types of criticisms advanced against the suggestions, medrod of arriving 
at a decision, etc. If equipment is available, die ideal procedure is to 
record the discussion of the group on a wire recorder or similar instru- 
ment. In conjunction witli notes based on visual obsers'ations, such rec- 
ords wall constitute a full and permanent record of the activities of the 
group. 

Experimental Design. This experiment can be best carried out with 
the aid of a counterbalanced design. Each subject serves both individu.ally ' 
and in a group (groups of four or five are suitable). Half die subjects j 
first work alone and then in a group; for the other half of die subjects, | 

» This experiment is b.ised on a p.iper by M. E. Sbaw, A comparison of ( 
incbviduals and small ^oups in tlie rational solution of comp!c.\ problems, Amcr. j 
/. Pstjchol, 1932, -i4i49l~S04. ^ ^ ; 
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tiic sequence o! condiUDns h revnsed. The iwo sell ol nrohlm, e . » 
wid Set B-shouM be used olM to a coun(erJ,alanwd ordei. Tlje lo(J„ 
pcriinental design may be summarized briefly. 


Cmip h Hall the subjects to this group first nml fadividusfly on 
Set A and then work as a group on Set B, the other haU 
of tlie subjects first work fadividually oi Set B and then as 
a group on Set A. • ' 

Group II: Half the subfecta first svorlc « a ^up on Set A and then 
individually on Set B; the other half of the subjects first 
work as a group on Set B and then individuatly on Set ‘A. 


This design contiQls both practice effects and possible differences ia 
the ease of solving the two sets of pfoMems. For laboratory pufposei,'thtf - 
design, of course, may be simpUfi^ considerably. We may, for cxarnple. 
simply divide the members of the class into group workers and indn-idual 
wotlcen. Half of the individual workers solve Set A, half solve Set D/ - 
Similarly, half the groups ^vork on Set A, the other half work on Set B.' 
In this simplified design, the factor of individual diHerences in problem- 
solving ab^ty is not coatroUed and the experimenter must hope that 
such differences ^vill be random and not aSect the results of the experi- 
ment systematically. 

Procedure: Individual Work. The subject is banded the problems 
with the proper instructions. He is urged to work as quickly and as ac- 
curately as he can, to record his answers and also to indicate the method 
he used in solving the problem. The subject may be urged to '‘think 
aloud* so that the experimenter may follow his methods of solution step 
by step. The lime needed for solution is recorded. A tune limit should be 
bnposed and the problem considered failed if not solved during that time. 

Procedure: Group ^Vork. The members of Ibe group are sealed 
around a fable and are given the foUmving instructions: 

*T}us is an experiment in problem solving. The materials for the 
problems are laid out on this table. We want you to work on the solu- 
Uons as a eo5perative group. Try to xvork as quickly, but also as accu- 
rately as you can. Each of the problems has a solution. One of you 
will serve as chairman to manipulate the materiak and guide the group 
discussion. Each member of the group should contribute to the b«t of 
his ability to the solution of the problem.” 

The activities of the group shoiiJd be observed either by the ejqjcri- 
, ttenter or a “note-taker.” The note-taker should do his work inconspie* 

' uously and in no way participate in the group discussion. (In experiments 
'^cf this kind, a “one-way vision" screen is most useful; the experimenter 
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may watch the group .while the mehib'ers are not aware that they are 
under observation.)' Thd 'time' t^en to soNe each problem is noted and 
again a time limit is imposed. In both individual and group situations, the 
time limits should be generous so as to afford full opportunity for various 
methods of solution 'to be tried out. 

Treatment of Results. The two basic sets of data are: (1) the 
number of problems solved by subjects working alone and the number of 
problems solved in the 'group situation, (2) the average time required to 
solve a problem in the two situafa'ons. Group and individual work can be 
compared with respect to these two scores and the significance of the dif- 
ferences tested. 

the analysis of the qualitative data is, of course, a challenge to the in- 
genuity of the experimenter. Some questions, however, immediately sug- 
gest themselves: 

1. ' At what stage in the solution of the problems did individual workers 
.'■'U-.ahd cooperating groups commit errors? Did the group serve the 

• . function of staving off mistakes? 

2. How many correct and now many incorrect suggestions were made in 
the group discussion? What percentage of each was accepted and 
what percentage rejected? What percentage of rejections originated 
with tlie author of the suggestion, and what percentage with other 
members of the group? In other words, does the group serve to facih'- 
tate self-criticism as well as provide critical evaluation by others? 

S. What role did the chairman play in the discussion? Did he serve 
merely as a moderator or did he take an active part in guiding the dis- 
cussion? Did the leadership shift to a member with greater skill in the 
manipulation of the material? Did the group divide into active and 
passive members? 

If data on several groups are available, it is interesting to relate their 
productivity to these and similar characteristics of the group activity. 

We have listed only a few ways in which the quantitative comparison 
of individual and group performance can be supplemented by qualitative 
observations. Further categories of analysis will undoubtedly suggest 
themselves in the course of the experiment. 
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quab'ties, 90-93 . / ■ ’• 
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response, 289 

definition, 288 VV'C* . - • 

strength, 291 • jyj, - 

nconditioned stimulus, -definition;.; 
288 ■ 

frequency of presentation, -295 '■ 
intensity, 299 ’ . ' 
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ahdity, criteria,. 231 
.judgments, 231 
reliability, 231 
ariables, dependent, 1 
examples, 2 

experimental control, 3-4 
.independent, 1-2 
incenl-- curves, 284-286 
isibiJity curves, 114-117 
photopic, 116 
scotopio, 116 

ision, acuity, 130-133, 141-142 
adaptation, dark, 123-138; light, 
123, 128-129 
afterimages, 122-123 
binocular, 186-195 
brilliance, 108, 112-116 
color, see Color 

critical fusion frequency, 134-137 
duplicity theory, 137 
Experiment VI, 139-141 
Experiment VII, 141-142 
flicker, 134-137 
hue, 107-108, 109-112 
monocular, 182-184 
saturation, 108-109, 117-119 
stimulus, 103-107 
stimulus mixture, 119-122, 139-141 


! Vision-(Cohffnued) . . ' .' 

summation; ^spatial, 133; temporal, 
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■yisual acuity, = brightness discrimina- 
tion, 132 
definib'on, 130 
.glare, 131-132 
intensity, 130-132 
retinal area, 132-133" 
retinal mosaic, 132-133 
Visual angle, 179, 195-196 
Visual stimulus, complexity, 137-138 
intensity, 106, 137 
light, heterogeneous, 137-138; ho- 
mogeneous, 137-138 
lumen, 106 
millilambert, 106 
millimicron, 105-106 
photon, 107 

units, photometric, 106; radiowetric, 
108 

wave length, 105-106 
Voice keys, 245 
Volume, hearing, 65 

Warmth sense, see Temperature senses 
Whole method, learning, 331-332 
Word-word association, controlled, 260 
free, 260 

speed, 260-261, 265-267, 270-272 
Work in group situations, audience 
effects, 481-483 
competition, 486-489 
cooperation, 489-492 
Experiment XXX, 496-498 
presence of co-workers, 483-486 
social facilitation, 484-486 

Young-Helmholtz theory, 121-122, 12 




J e' b T ;1 N D EX 


Trial and error leani^gr-?^-281-- '' - -.yi 

Unconditioned resppns^i.'cpnitionei, 
response, 289 V-.;.'/.;'; V ; 

definition, 288 • {-Hl 

strength, 291 ‘i'.j, - .1 

Unconditioned stimulus, -definitfon;.''- 
288 ' 

frequency of presentatibn,'295 

intensi^, 299 ' '-V. ' 

i-';i';in}!turfi;399„ . 

r^lrdity, criteria,.^! 

^• judgments, 231 
• reliability, 231 
Variables, dependent, 1 
. examples, 2 

> exp'erirnental control, 3-4 
independent, i-2 
Vincent- curves, 284-286 
Visibility curves, 114-117 
photopic, 116 
; scotopio, 116 

Vision, acuity, 130-133, 141-142 
adiptation, dark, 123-138; light, 
123, 128-129 
afterimages, 122-123 
binocular, 186-195 
brilliance, 108, 112-116 
color, see Color 

critical fusion frequency, 134-137 
duplicity theory, 137 
Experiment VI, 139-141 
Experiment VII, 141-142 
flicker, 134-137 
hue, 107-108, 109-112 
monocular, 182-184 
saturation, 108-109, 117-119 
stimulus, 105-107 

stimulus mixture, 119-122, 139-141 
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• .Visual acuity, = brightness discrimina- 
Vi, tion, 132 

-i ■ definition, 130 
- .glare, 131-132 
intensity, 130-182 
retinal area, 132-133^ 
retinal mosaic, 132-133 
Visual angle, 179, 195-196 
Visual stimulus, complexity, 137-138 
intensity, 106, 137 
light, heterogeneous, 137-138; ho 
mogeneous, 137-138 
lumen, 106 
millilambert, 106 
millimicron, 105-108 
photon, 107 

units, photometric, 106; radiometric, 
106 

wave length, 105-106 
Voice keys, 245 
Volume, hearing, 65 

Warmth sense, see Temperattue senses 
Whole method, learning, 331-332 
Word-word association, controlled, 260 
free, 260 

speed, 260-261, 265-267, 270-272 
Work in group situations, audience 
effects, 481-483 
competition, 486-489 
cooperation, 489-492 
Experiment XXX, 496-498 
presence of co-workers, 483-486 
social facilitation, 484-486 

Young-Helmholtz theory, 121-122, 123 




